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Art. XIX.— Observations on the duration and multiple character 
of Flashes of Lightning ; by OGDEN N. Roop, Professor of 
Physics in Columbia College. 


ARAGO has classified the different forms of lightning under 
three heads: 1st, linear zig-zag flashes; 2d, flashes appearing as 
a broadly diffused light (sheet lightening, heat lightening), and 
lastly, the rarely occurring discharges which are seen as slowly 
moving balls of fire.* That the first form is due to the pro- 
duction in the atmosphere of a gigantic electric spark, has since 
Franklin’s time been disputed by no one, and as far as I can 
ascertain, the majority of physicists and meteorologists suppose 
that flashes of the second form are due to the same cause, their 
light being seen either by transmission through, or reflection 
from, the clouds. 


Before detailing my own observations on this matter, I wish 
briefly to mention the results thus far obtained by others. 
Among the most important of them is an experiment by Dove, 
who, in 1835, during a thunder storm, was able, by the help of 
a revolving disc with colored sectors, to satisfy himself that 
single flashes of lightning often consisted of a number of 
apparently instantaneous discharges.t Arago suggested for the 
determination of the duration of the flash the use of a rotat- 
ing circular disc, painted with a hundred black and white 
sectors. He supposed that from the appearance presented by 
the disc when illuminated by the flash, the observer would be 

* See Dr. Ernst E. Schmids’ Lehrbuch der Meteorologie; Leipsic, 1860, p. 781. 

+ Pogg. Ann., 1835, p. 371. : 
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able to ascertain its duration.* Wheatstone, with a revolving 
disc of this kind, found the duration of the flash too short for 
measurement, and set it as less than ;,;'5;; of a second. Cassel- 
mann, in 1847, noticed that single flashes of lightning some- 
times moved the index of the telegraphic apparatus forward over 
two, four, or even six letters, and argued thence the multiple 
character of the discharge, which indeed had previously been 
observed by Dove.t Faraday, in 1857, noticed that the 
duration of some flashes of lightning seemed to him fully 
as great as a second, if not more, and attempted to explain this 
by a phosphorescence of the portion of the cloud traversed by 
the flash.t C. Decharme at Angers, in 1868, while a distant 
storm was raging, saw the heavens from time to time illumin- 
ated by a light which seemed to last from a half to an entire 
second.§ In these last two observations no apparatus was used 
for actual measurement. To the above, I may add a rough 
measurement of the duration of the lightning flash, made by 
myself in 1870, with an apparatus differing from that employed 
by other observers, the interval of time obtained being often 
1 of a second, though sometimes it was considerably smaller.| 


500 . 
Finally, after finishing the observations and measurements 


detailed in the present paper, I saw in “ Nature,” July 25th, 
1872, an account of some experiments which were made by 
B. W. Smith, with the aid of a “ color-top,” or after the method 
of Dove. Mv. Smith notices the fact, that the duration of the 
flashes sometiizes seem to be prolonged by an action, which 
he, like Faraday, «ttributes to a phosphorescence of the cloud 
in which the discharge takes place. These observations appear 
at first sight to be more or less contradictory, but with the aid 
of the more complete set of results recently obtained by myself 
it will be easy to bring them into harmony. 


New Observations. 


(1.) Immediately after my own experiment, I arranged a small 
train of toothed wheels driven by a spring, so that it should be 
capable of rotating a circular paste-board disc which was pro- 
vided with four open sectors of 8° each. This apparatus was 
constantly near me ready for use, but an entire year elapsed 
before an opportunity occurred. I noticed then upon one occa- 
sion about midnight, that my room was from time to time 
illuminated by lightning-flashes, whose duration seemed as 

reat as an entire second, and upon making an examination 
with the rotation apparatus, it was found that each flash con- 


* Becquerel, Traité de 1l’Electricite et du Magnetisme, vol. vi, pp. 128, 129, 
Paris, 1840. 
Fortschritte der Physik, for 1847, p. 668. t Phil. Mag., IV, xiii, p. 506. 
Fortschritte der Physik, xxiv, p. 644. | This Journ, ITI, i, Jan., 1871. 
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sisted of a considerable number of isolated and apparently 
instantaneous electric discharges, the interval between the com- 
ponents being so small, that to the naked eye they constituted 
a continuous act. The lightning was of the second form, and 
judging from the accompanying thunder was not very distant, 
but it soon ceased, so that I was not able to gain any further 
information 

(2.) The next observations were made late one evening in last 
June. The storm was at a greater distance, and as before, the 
clouds were illuminated by unseen flashes. Each flash again 
consisted of a considerable number of apparently instantaneous 
discharges, perhaps about ten, but the total duration of the 
compound flash was so great, that, with the lowest practicable 
rates of rotation, I was entirely unable to form even a rough 
estimate of the interval of time involved. The storm allowed 
me no time for the study of the components of the flashes. 

(3.) During the following month, at about the same hour in 
the night, I again observed near the horizon clouds illuminated 
by a more distant storm. The multiple flashes were once more 
noticed, and when the disc revolved at rates of five to ten 
revolutions per second, the light from the four sectors was quite 
often drawn out into a circular streak, which extended around 
its entire circumference, showing a steady and continuous dura- 
tion of some of the components for at least ;'; to ;',of a second. 
These streaks were observed quite often and with perfect dis- 
tinctness, though the figures just given are to be considered 
only rude approximations. Mingled with these, if not actually 
constituting a portion of them, were apparently instantaneous 
flashes. The total duration of the act was so great as again to 
defeat attempts at measurement. 

(4.) A thunder-storm occurring at 2.30 4. M. on July 30th 
gave a better opportunity. The observations, like the preced- 
ing, were made at Peacedale, R. L, and the majority of the 
electrical flashes were so distant that the accompanying thunder 
was heard only occasionally, and as before the flashes were not 
seen directly but by transmission. In = of this, however, 
many of them were very vivid, and much rain fell during the 
time occupied by the observations. Previously I had arranged 
the apparatus for the measurement of greater intervals of time, 
by attaching to one of the axes a disc with a single open sector, 
which could be rotated at quite low rates, the terminal axis 
being provided with a fan. When this dise was revolving at 
the rate of 2°04 turns per second, the open sector was several 
times observed to make at least two complete revolutions 
during a single flash, which gave a total duration for the 
act in those cases of about one second, and I may add that 
after the completion of the experiments described below, 
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durations of the total act were observed, even with the naked 
eye, which must have been as great as a second, and the light 
illuminating the room was noticed during the continuance to 
flicker twice or thrice. The total duration was, however, quite 
variable, and often amounted only to a small fraction of a 
second. 


With a disc having only a single narrow, open sector, and 
making from 12 to 15 revolutions per second, the multiple 
character of the flashes was then studied. The flash consisted 
of a considerable number of isolated electrical discharges, 
which sometimes were executed with so much regularity as 
apparently to cause the disc to rotate backward, with a slow 
motion through 30° or 40°, the cause being analogous to that 
involved in the phenomena of the stroboscopic discs. Several 
times also, instead of seeing the sector single, I noticed that it 
had a form approximating to that of the letter X or V, which 
evidently was due to the circumstance that almost involuntarily 
my eyes had glanced from one side of the disc to the other, 
thus giving rise to a combination of distinct visual impressions. 


Next, for the purpose of examining the individual constitu- 
ents of the flash, I placed on the terminal axis a circular disc, 
each quadrant containing a square opening of about 5°, and 
when this was revolving eleven times in a second, sometimes 
the flash was seen to consist of a small number (three to six) 
of apparently instantaneous discharges, the form of the square 
not being at all distorted. The same was afterward noticed 
with a velocity as high as 22 revolutions per second, and if the 
areas of the squares had been doubled this could not have 
escaped my attention, but as in many cases nothing of the kind 
was seen, it follows that the duration of the apparently instan- 
taneous constituents was less than about ;;'5; of a second. 


On the other hand, sometimes the continuous duration of the 
constituents was such that the whole circumference of the disc 
was surrounded by a bright or faint ring of light, according to 
the original luminosity of the flash, which gave a duration for 
the continuous act at least as great as ; of asecond. Quite 
often I was able to notice that these continuous discharges did 
not make up all the elements of the flash, but that they were 
terminated iy an isolated and instantaneous discharge. 

(5.) The last set of observations were made at Stockbridge, 
Mass., on the eyening of August 25, 1872. The thunder was 
heard quite loudly and direct zig-zag flashes were occasionally 
seen ; rain also fell. The disc employed on this occasion had 
only one square opening, the sides of which were seven milli- 
meters (corresponding to about 12°), these dimensions having 
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finally been found preferable. The rate of rotation was kept 
nearly constant by winding up. 

The flashes were usually multiple, and the duration of the 
components was often or generally quite long, being as great as 
;'; of a second if not longer; the brilliancy of the ring of light 
was considerable, and showed no signs of falling off throughout 
its whole extent. It was again noticed that when the duration 
of the earlier components had thus been considerable, the last 
act (or certain acts) were instantaneous. Eight or ten times it 
was fairly noticed that the components of certain flashes were 
to all appearance instantaneous, there being no distortion in the 
shape of the square. If its area had been increased by one 
half, this could not have escaped my attention, and would have 
implied a duration of 5,5 of a second. A number of uncer- 
tain observations were made leading to a duration of the com- 
ponents, in some cases, of from ;}, to z+, of a second, and 
finally in two cases the breadth of the square was distinctly 
doubled, giving a duration of about ;1,; of a second. 

T'o the above, I must add several observations made by the 
naked eye on normal zig-zag flashes, when on five or six occa- 
sions the duration of the direct flash was estimated at not less 
than one second, the light seeming to pour steadily in a stream 
from the cloud to the earth. They correspond to that of Fara- 
day, referred to in the earlier part of this article. 


It is evident from the foregoing that the nature of the lighten- 
ing discharge is more complicated than has generally been 
supposed ; it is usually, if not always, multiple in character, 
and the duration of the isolated constituents varies very much, 
ranging from intervals of time shorter than ;;'s5; of a second 
up to others at least as great as ;', of a second, and furthermore, 
what is singular, a variety of this kind may sometimes be found 
in the components of a single flash. The long durations of 
certain constituents of the flash induced me afterward to make 
some experiments with a view of ascertaining the cause of this 
singular and unexpected phenomenon, and although the results 
are negative in character, still it may not be amiss briefly to 
mention them. I constructed a glass tube similar to those used 
for studying the spectral lines of rarefied gases, and having 
connected it with a mercurial air-pump, rarefied the ordinary 
air contained in it. A Leyden jar with a coating of 738 square 
centimeters was connected with the tube, and a spark micrometer 
was introduced into the circuit so as to interrupt it, and thus to 
cause the jar fairly to charge and discharge itself, as otherwise 
the prolonged discharges of the induction coil made their ° 
appearance. The tube was placed in front of the rotation 
apparatus used by me in investigating the electric spark, and 
its appearance studied at tensions from 1 millimeter upward, 
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till the resistance became so great as to cut off the discharge. 
In every case the light appeared to be instantaneous, that is, its 
duration was so small as to preclude the idea of its affording 
an explanation of the long intervals occurring in the case of 
lightning flashes. Of course, in all these experiments, the 
actual rate of the mirror was quite low. I then repeated the 
same experiment with the vapor of water at a tension of about 
15 millimeters with the same result. 

Afterward a jet of steam was directed across the path of the 
electric spark in the free air, with a similar negative result. 
Finally, thinking that possibly the rain might in some way be 
concerned in the production of the prolonged durations, while 
sparks 10 to 15 millimeters in length, obtained from a smaller 
jar, were traversing the ordinary atmosphere, fine watery spray 
was directed across their path by the use of an “atomizer,” 
without sensibly increasing their duration. These experiments 
may be explained by the greater volume of the atmospheric 
electricity, but suggest on the other hand, the possibility of a 
real prolongation of some of the constituents of the flash. 


Recently the spectrum furnished by flashes of lightning has 
been examined by Dr. H. Vogel.* A number of lines were 
identified, as also occurring in the spectrum of the electric spark 
in the ordinary atmosphere, but what is remarkable, it was 
found that sometimes the spectra consisted of bright lines on a 
dark ground, while at others the bright lines were traced on a 
less bright continuous spectrum, and finally sometimes a con- 
tinuous spectrum destitute of lines was obtained. The dis- 
charges were principally of the form known as sheet lightning. 
I consider it probable, that the continuous spectra destitute of 
lines observed by him, were due to the prolonged constituents 
mentioned in this paper, and the occurrence of bright lines on 
a less bright ground, I would refer to cases when instantaneous 
and prolonged constituents were mingled as noticed by myself; 
the normal spectrum of bright lines on a dark ground, finally, 
being produced by flashes more nearly instantaneous. Since 
writing the above I find that Wiillner in No. 11 of Pogg. Ann. 
for 1872, has shown that in rarified air, instantaneous sparks 
give a spectrum consisting of lines, while the prolonged con- 
stituent of the spark of an induction coil often produces a 
banded spectrum, which under certain circumstances approxi- 
mates to one that is continuous. 


It will be noticed, that while making observations No. 5, I 
was in the area occupied by the storm, in No. 4 on its outer 
edge, in No. 1 out beyond the edge, and in No. 8 the storm 
was quite distant. Yet in all these cases the character of the 


* Pogg. Ann., 1871, No. 8, p. 653. 
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lightning, as far as could be observed, was quite identical, 
furnishing, as it seems te ue, argument in support of the hy- 
pothesis that zig-zag lightning, heat and sheet lightning, etc., 
are really identical, being in point of fact due to the same cause, 
but viewed under different conditions. 

Best form of apparatus jor the study of Lightning Flashes.— 
From the contents of this article, it will be seen that additional 
observations are still desirable, and hence I wish to describe 
more definitely the apparatus which after many trials answered 
best, as well as to suggest one of a more perfect form. At the 
outset, I found it necessary to discard the plan of viewing a 
figure painted on an opaque disc, which seems to be the only 
one which had vote: 5 to other physicists, its indications being 
uncertain, and the loss of light so great that it was impossible 
to observe even the presence of the less prominent constituents 
of the flash. It is advisable then to use a black or grey opaque 
disc, about 100 millimeters in diameter, with an open sector, 
and as has been shown in the present article, this is the only 
mode by which, thus far, actual measurements of the duration 
have been obiained. The multiple character of the flash renders 
it unadvisable to use more than one sector. The best form for 
the shortest and longest durations is that of a square, with sides 
of from seven to ten millimeters; for medium durations the 
same form can be retained with larger dimensions, and for 
examining the multiple character of the flashes, simply a long 
narrow sector of 1° or 2° is preferable. The use of the disc 
micrometer described by me in another place, I do not consider 
practicable with storms in our latitudes, though the frequency 
of the flashes in the Tropics might render possible its employ- 
ment. A spring rotation apparatus, on account of portability, 
may be used, being so contrived as to admit of rates from one 
revolution up to 20 or 80 per second. This should be pro- 
vided with some contrivance by which the observer might 
always be able to ascertain to what extent the clock-work at 
the moment had run down, so that the rate of the disc’s rotation 
could afterward be found, without at the time interrupting the 
observations. A simple plan is to wind on the cylindrical por- 
tion of the key a string, which passes aston through the 
base of the instrument, knots being tied on it so as to indicate 
the number of turns already made by the slowest wheel. 

The following is a more elaborate form with which more 
accurate results could be attained, and which probably would 
reveal details quite beyond the reach of the simpler apparatus. 
A circular disc of the kind just mentioned is to be set in 
rotation by clock-work run by a weight; an image of the disc 
of the natural size is to be formed on a vertical plate of ground 
glass by an achromatic lens of 7 or 8 inches focus, and of large 
aperture, (‘‘ portrait combination ” from a photographic camera.) 
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An opaque circular screen is to be placed around the edge of the 
disc so as to cut off all stray light, which I found in my experi- 
ments very annoying. The observer placed behind the ground- 
glass will measure simply with a pair of compasses the length, 
etc. of the streaks, in the manner described by me in another 
place,* and the difficulty of accommodating the eyes for the 
image wiil in great part vanish, from the circumstance that the 
hands will be resting on the ground-glass where the images are 
expected. It is scarcely necessary to add, that to use this or any 
method successfully, will require some previous training, which 
I think could best be obtained by a repetition of the experi- 
ments and measurements described by me in a former number 
of this Journal.* 
New York, Dec. 28th, 1872. 


Art. XX.—On the effects of Magnetization in changing the Di- 
mensions of Iron, Steel and Bismuth bars ; and in increasing the 
Interior Capacity of Hollow Iron Cylinders; by ALFRED M. 
MayYER, Ph.D., Professor of Physics in the Stevens Insti- 
tute of Technology. 

Part I. 


(Read before the National Academy of Sciences, in Cambridge, Nov. 22, 1872.) 


I PURPOSE giving, in a series of papers, the results of a pro- 
longed and careful research on the above subject. 

Introduction.—In 1842 Joule discovered that when a current 
of electricity was passed through a helix which enclosed a bar 
of iron, the latter, on its magnetization, suddenly elongated a 
minute fraction of its length. 

To present clearly Dr. Joule’s experiments, we will give these 
abstracts from the excellent paper which he published in the 
Philosophical Magazine in 1847. 

“In order to ascertain how far my opinion as to the invari- 
ability of the bulk of a bar of iron under magnetic influence was 
well founded, I devised the following apparatus. Ten copper 
wires, each 110 yards long and one twentieth of an inch in 
diameter, were bound together by tape so as to form a good, 
and at the same time very flexible conductor. The bundle of 
wires thus formed was coiled upon a glass tube 40 inches long 
and 14 inch in diameter. One end of the tube was hermetically 
sealed, and the other end was furnished with a glass stopper, 
which was itself perforated so as to admit of the insertion of a 
capillary tube. In making the experiments, a bar of annealed 
iron, one yard long and half an inch square, was placed in the 


* This Journal, IIT, vol. iv, Oct., 1872. 
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tube, which was then filled up with water. The stopper was 
then adjusted, and the capillary tube inserted so as to force the 
water to a convenient height within it. 

“The bulk of the iron was about 4,500,000 times the capacity 
of each division of the graduated tube; consequently a very 
minute expansion of the former would have produced a very 
perceptible motion of the water in the capillary tube; but, on 
connecting the coil with a Daniell’s battery of five or six cells 
(a voltaic apparatus quite adequate to saturate the iron), no 
——— effect whatever was produced either in making or 

reaking contact with the battery, whether the water was sta- 
tionary in the stem, or gradually rising or falling from a change 
of temperature. Now had the usual increase of length been 
unaccompanied by a corresponding diminution of the diameter 
of the bar, the water would have been forced through twenty 
divisions of the capillary tube every time that contact was made 
with the battery. 

“Having thus ascertained that the bulk of the bar was in- 
variable, I proceeded to repeat my first experiments with a 
more delicate apparatus, in order, by a more careful investiga- 
tion of the laws of the increment of length, to ascend to the 
probable cause of the phenomenon. 

‘““A coiled glass tube, similar to that already described, was 
fixed vertically in a wooden frame. Its length was such that 
when a bar one yard long was introduced so as to rest on the 
sealed end, each extremity of the bar was a full inch within the 
corresponding extremity of the coil. The apparatus for observ- 
ing the increment of length consisted of two levers of the first 
order, and a powerful ‘microscope situated at the extremity of 
the second lever. These levers were furnished with brass knife- 
edges resting upon glass. The connection between the free 
extremity of the bar of iron and the first lever, and that be- 
tween the two levers, was established by means of exceedingly 
fine platinum wires. 

“The first lever multiplied the motion of the extremity of 
the bar 7°8 times, the second multiplied the motion of the first 
8 times, and the microscope was furnished with a micrometer 
divided into parts, each corresponding to 33'35 of an inch. 
Consequently, each division of the micrometer passed over by 
the index indicated an increment of the length of the bar 
amounting to ;z3'sz;th of an inch. 

“The quantities of electricity passing through the coil were 
measured by an accurate galvanometer of tangents, consisting 
of a circle of thick copper wire one foot in diameter, and a 
needle half an inch long furnished with a suitable index. 

_ “The quantities of magnetic polarity communicated to the 
iron bar were measured by a finely suspended magnet 18 inches 
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long, placed at the distance of one foot from the center of the 
coil. This magnetic bar was furnished with scales precisely 
in the manner of an ordinary balance, and the weight required 
to bring it to a horizontal position indicated the intensity of 
the magnetism of the iron bar under examination. 

“ After a few preliminary trials, a great advantage was found 
to result from filling the tube with water. The effect of the 
water was, as De la Rive had already remarked, to prevent the 
sound. It also checked the oscillations of the index, and had 
the important effect of preventing any considerable irregularities 
in the temperature of the bar. 

“The first experiment which I shall record was made with a 
bar consisting of two pieces of well-annealed rectangular iron 
wire, each one yard long, a quarter of an inch broad, and about 
one-eighth of an inch thick. The pieces were fastened together 
so as to form a bar of nearly a quarter of an inch square. The 
coil was placed in connection with a single constant cell, the 
resistance being further increased by the addition of a few feet 
of fine wire. The instant that the circuit was closed, the index 
passed over one division of the micrometer. The needle of the 
galvanometer was then observed to stand at 7° 20’, while the 
magnetic balance required 0°52 of a grain to bring it to an 
equilibrium. It had been found by proper experiments that a 
current of 7° 20’ passing through the coil was itself capable of 
exerting a force of 0°03 of a grain upon the balance ; conse- 
quently the magnetic intensity of the bar was represented by 
0°49 of a grain. On breaking the circuit, the index was ob- 
served to retire 0°3 ofa division, leaving a permanent elonga- 
tion of 0-7, and a permanent polarity of 0:42 of agrain. More 
powerful currents were now passed through the coil, and 
the observations repeated as before, with the results tabulated 
below. 

‘“‘ EXPERIMENT I. 
Deflection of Tangent of Elongation or Total Magnetic Square of magnetic 


Galvanom- deflection. shortening elongation. intensity intensity divided by 
eter. of bar. of bar. total elongation. 


— T° 20’ 128 —0°49 240 
0 0 —0°42 252 
— 9 30 167 —0°93 240 
0 0 —0°74 228 
—14 264 — 1°42 243 
0 0 —1°:00 222 
— 23 428 —1°87 236 
0 0 —1°26 220 
1088 —2°22 211 
0 0 —1°35 194 
—58 1653 —2°21 202 
0 0 —1°35 168 
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Dr. Joule now reversed the current in the helix and found 
that a current which deflected the needle 6° 15’ shortened the 
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bar 3°4 div., and that after the current was broken its magnetic 
intensity was found reduced from —1-3 (the permanent inten- 
sity previously given by 47° 25’, see preceding table) to 
—17. He then passed a current of 9° 55’, and this he found 
was sufficient, not only to remove the former minus polarity of 
the bar, but also to give it a permanent polarity of +25, and 
yet to leave the bar with 6°6 of the elongation belonging to its 
previous minus polarity. 

Taking Joule’s observations while the current was passing 
around the bar, we have for the current of 6° 15’ a magnetic in- 
tensity of —0-12, and for the current of 9° 15’ a plus magnetic 
polarity of 057. We call attention to these results because 
subsequent experimenters* seem to be unaware of these obser- 
vations of Dr. Joule, who here first shows that a feeble current 
will demagnetize and even reverse the polarity of a bar which 
has previously required a far more powerful current to give it 
its permanent magnetic charge. In the experiment given 
above, the ratio of the current intensities of permanent magnet- 
ization and of demagnetization is 1088 to 175. 

Dr. Joule now successively replaced the above bar by two 
others and obtained with them similar results. He then de- 
duces the following important law. “ From the last column of 
each of the preceding tables we may, I think, safely infer that 
the elongation is in the duplicate ratio of the magnetic intensity of 
the bar, both when the magnetism is maintained by the influence 
of the coil, and in the case of the permanent magnetism after 
the current has been cut off. The discrepancies observable 
will, I think, be satisfactorily accounted for when we consider 
the nature of the magnetic actions taking place. When a bar 
experiences the inductive influence of a coil traversed by an 
electrical current, the particles near its axis do not receive as 
much polarity as those near its surface, because the former 
have to withstand the opposing inductive influence of a greater 
number of magnetic particles than the latter. This phenomenon 
will be diminished in the extent of its manifestation with an 
increase of the electrical force, and will finally disappear when 
the current is sufficiently powerful to saturate the iron. Aguin, 
when the iron, after having been magnetized by the coil, is 
abandoned to its own retentive powers by cutting off the elec- 
trical current, the magnetism of the interior particles will suffer 
a greater amount of deterioration than that of the exterior 
particles. The polarity of the former may indeed be sometimes 
actually reversed, as Dr. Scoresby found it to be in some exten- 
sive combinations of steel bars Now whenever such influences 
as the above occur, so as to make the different parts of the bar 


* Wiedemann, Pogg. Ann.,c, p. 235; also R. W. Wilson, ‘“ Demagnetization 
of Electro-Magnets,” Amer. Journ. Sci., 3d series, vol. iii, p. 346. 
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magnetic to a various extent, the elongation will necessarily 
bear a greater proportion to the square of the magnetic intensity 
measured by the balance than would otherwise be the case. 

“ For similar causes the interior of the bar will in general 
receive the neutralization and reversion of its polarity before 
the exterior, and hence we see in the tables that there is a con- 
siderable elongation of the bar after the reversion of the cur- 
rent, even when the effect upon the balance has become im- 
perceptible, owing to the opposite effects of the interior and ex- 
terior magnetic particles.” 

Joule now experimented on a bar of unannealed iron, and on 
three bars of soft steel. As these bars had considerable degrees 
of retentive power, the anomalies occasioned by the above 
described actions did not exist to any considerable extent, and 
they gave a confirmation of the law that the elongation is pro- 
portional, in a given bar, to the square of the magnetic in- 
tensity. 

The next bar he experimented with was of moderately 
hardened steel. This bar wasslightly increased in length every 
time that contact with the battery was broken, although a con- 
siderable diminution of the magnetism of the bar took place 
at the same time. He says: “I am disposed to attribute this 
effect to the state of tension in the hardened steel, for I find 
that soft iron wire presents a similar anomaly when stretched 
tightly.” 

In a subsequent communication, contained in the same 
volume of the Philosophical Magazine, Dr. Joule gives accounts 
of numerous experiments made upon wires and bars of soft 
iron, cast iron, soft and hardened steel, subjected to various 
pressures and tensions while they were magnetized. As an. 
example of the effect of tension on the phenomena, he states 
that in the case of a bar one foot long and a quarter of an 
inch in diameter, a tensile force of about 600 pounds caused all 
the phenomena of changes of length to disappear, even with a 
current which produced a deflection of 58° in the needle of the 
tangent galvanometer; but when a current of 61° was passed 
around this bar, subjected to a tension of 1040 pounds, it 
shortened 2°8 div. With a tension of 1680, and the same cur- 
rent, the bar shortened 4°5 divisions. Joule, from his experi- 
ments, deduces this law, viz: Jn the case of tension the shortening 
effect is proportional to the current traversing the coil multiplied by 
the maguetic intensity of the bar. He further states that “it is 
extremely probable that the shortening effects are proportional 
ceteris paribus to the square root of the force of tension.” 

In the case of bars of cast iron he finds that their elongation 
is equal, if not superior, to those of soft iron, when magnetized 
to the same degree; and an increase of tension in them does 
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not produce half the retraction which is caused in soft iron bars 
in similar circumstances. 

Bars of soft steel acted like the bars of iron, but the superior 
retentive powers of the former enabled him to trace better the 
elongating effects of the permanent magnetism, which dimin- 
ished with the increase of tension and at last disappeared al- 
together ; but with bars of perfectly hardened steel no sensible 
change in their lengths was produced by charges of permanent 
magnetism, and the temporary shortening effect of the coil was 
proportional to the magnetism multiplied by the current travers- 
ing the coil. The shortening effect did not, in these cases, 
sensibly increase with the increase of tension. 

On subjecting bars of wrought and cast iron and soft steel to 
pressure, Joule found that it had no sensible effect upon the ex- 
tent of their elongation. A hard steel cylinder a foot long, 
when submitted to the same experiments, with a pressure of 
80 pounds, “suffered a diminution of length equal to 0°1 of a 
division of the micrometer, with a current capable of giving a 
magnetic polarity of 1:7.” 

At the termination of his paper, Dr. Joule gives the follow- 
ing “postscript.” “I have already, in the former part of this 
paper, described an experiment which indicated that no altera- 
tion in the bulk of a bar of soft iron could be produced on mag- 
netizing it. I thought, however, that it ener 4 be interesting to 
confirm the fact by an observation of the alteration of the 
dimensions of the iron at right angles to the direction of its 
polarity. For this purpose I took a piece of drawn iron gas- 
piping one yard long, ;,ths of an inch in bore, and ,3,ths of an 
inch in thickness. A piece of thick, covered copper wire was 
inserted into this tube, and bent over the outside of it. The 
lower extremity of the iron tube being fixed, and the upper end 
being attached to the micrometrical apparatus, each division of 
which corresponded to ;z7'szzths of an inch, I obtained * * * 
results which show that the length of the tube was diminished, 
in order to make up for the increase of its diameter, which, in 
this instance, was in the direction of the polarity. The quan- 
tity of the shortening effect, viz: 3°4, is, however, only one-third 
of that due to the maximum elongation of soft iron bars as 
observed in the first section. This is probably owing to the 
grain of the iron being in cross directions with respect to the 
polarity in the two cases; and partly, perhaps, to the iron tube 
not’ being fully saturated with magnetism. The experiment is 
worth repeating, especially as it affords a means of studying the 
magnetic condition of closed circuits.” 

Remarking on the cause of the phenomena of elongation, 
Dr. Joule says: “The law of elongation naturally suggests the 
joint operation of the attractive and repulsive forces of the 
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constituent particles of the magnet as the cause of the pheno- 
mena. On the other hand, the fact that the shortening effect is 
proportional to the magnetic intensity of the bar multiplied by 
the current traversing the coil, seems to indicate that, in this 
case, the effect is produced by the attraction of the magnetic 
particles by the coil. But then it will be asked, why so remark- 
able an augmentation of the effect is produced by the increase 
of tension in the case of the soft iron bars? When we are able 
to answer this question in a satisfactory manner, we shall prob- 
ably have a much more complete acquaintance with the real 
nature of magnetism than we at present possess.” 

This full account of Dr. Joule’s remarkable research is here 
presented in order to give an exposition of our present knowl- 
edge of this subject, and clearly to set forth the relations which 
my own attempts bear to his labors. Here Joule, the dis- 
coverer of these phenomena, has given us almost all the knowl- 
edge we have, up to this time, possessed in reference to their 
characteristics and their laws. That a subject so fascinating 
should not have been eagerly followed up appears strange ; 
especially so, when it seems highly probable that the faithful 
study of these actions may one day give us an insight into the 
dynamic nature of electro-magnetization and thus lead the 
investigator into a fruitful field of research. 

No one can duly appreciate this work of Joule’s until he 
attempts the confirmation of his results; then the difficulties of 
the research and the skill and acumen of this eminent physicist 
will be properly estimated. 

Although the cognate discovery by our countryman Page, 
in 1837, that iron bars produce sound on their magnetization, 


has been carefully studied by Delezenne, De la Rive, Beatson, 


Marrian, and Wertheim, yet in the annals of science I have 
found only two experimental investigations, in addition to the 
one by Joule, on the phenomena of the élongation produced in 
iron rods on their magnetization. The first is by Wertheim, in 
the Ann. de Ch. et de Phys., 3¢ Serie, t. xxiii; the second by 
Tyndall, contained in a paper entitled ‘‘On some Mechanical 
Effects of Magnetization ;” published in his ‘ Researches on Dia- 
magnetism and Magne-Crystallic Action,” London, 1870. 

In Wertheim’s memoir “ On the sounds produced in Magne- 


tized Iron,” all we find on the subject of the elongation of 


magnetized iron rods is the following: ‘Here are the results 
of these experiments: the helix being placed so that its axis 
coincides with that of the bar, we do not observe any lateral 
movement, but only a very small elongation; this elongation 
rarely surpasses ‘002 millimeter, [in rods about 970 millimeters 
long} and although visible is bearly measurable; it is most 
pronounced when the helix [whose length was a little over jth 
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of that of the rod] encloses the extremity of the bar; it 
diminishes as the helix approaches the point [the center] where 
the rod is clamped, and it is probable that when it is quite close 
to this point, the elongation changes into a retraction, but I 
have never been able to observe the motion in this direction 
with any certainty. * * * * * T have already remarked 
that it was not possible for me to measure this longitudinal 
traction ; happily Mr. Joule has supplied that omission.” 

Dr. Tyndall opens his paper thus: “ Wishing, in 18565, to 
make the comparison of magnetic and diamagnetic phenomena 
as thorough as possible, I sought to determine whether the act 
of magnetization produces any change of dimensions in the case 
of bismuth, as it is known to do in the case of iron. The 
action, if any, was sure to be infinitessimal, and I therefore cast 
about for a means of magnifying it * * * * * T con- 
sulted Mr. Becker, and thanks to his great intelligence and 
refined skill, I became the possessor of the apparatus now to 
be described. * * * * * The same apparatus has been 
employed in the examination of bismuth bars; and, though 
considerable power has been applied, I have hitherto failed to 
produce any sensible effect. It was at least conceivable that 
complimentary effects might be here exhibited, and a new 
antithesis thus established between magnetism and diamag- 
netism.” 

The apparatus used by Dr. Tyndall consisted of two vertical 
brass rods firmly cemented into a block of stone. Between 
these rods, securely fixed in the stone, were placed the rods of 
iron whose elongation he desired to measure. On the vertical 
rods slid a transverse bar of brass carrying “a vertical rod of 
brass, which moves freely and accurately in a long brass collar. 
The lower end of the brass rod rests upon the upper flat sur- 
face of the iron bar. ‘To the top of the brass rod is attached a 
point of steel; and this point passes against a plate of agate, 
near a pivot which forms the fulcrum of a lever. The distant 
end of the lever is connected by a very fine wire, with an axis 
on which is fixed a small circular mirror. If the steel point be 
pushed up against the agate plate, the end of the lever is raised ; 
the axis is thereby caused to turn, and the mirror rotates.” The 
angular deflections of the mirror he determined by the method 
of Poggendorff ; that is, by viewing in a telescope the divisions 
of a fixed scale reflected from the mirror. 

Dr. Tyndall gives the following account of his experience 
with this apparatus. “ Biot found it impossible to work at his ex- 
periments on sound during the day in Paris; he was obliged to 
wait for the stillness of night. I found it almost equally difficult 
to make accurate experiments, requiring the telescope and scale, 
with the instrument just described, in London. Take a single 
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experiment in illustration. The mirror was fixed so as to cause 
the cross hair of the telescope to cut the number 727 on the 
scale ; a cab passed while I was observing—the mirror quivered, 
obliterating the distinctness of the figure, and the scale slid 
apparently through the field of view, and became stationary at 
694. I went up stairs for a book; a cab passed, and on my 
return I found the cross hair at 686. A heavy wagon then 
passed, and shook the scale down to 420. Several carriages 

assed subsequently ; the figure on the scale was afterward 350. 
n fact, so sensitive is the instrument, that long before the sound 
of a cab is heard, its approach is heralded by the quivering of 
the figures on the scale. 

“Various alterations which were suggested by the experi- 
ments were carried out by Mr. Becker, and the longer I worked 
with it the more mastery I obtained over it; but I did not 
work with it sufficiently long to perfect its arrangement. 
Some of the results, however, may be stated here. 

Figure of Scale. 
Bar unmagnetized, . - 577 
magnetized, - 4170 
“ unmagnetized, - 517 

‘“‘ Here the magnetization of the bar produced an elongation 
expressed by 107 divisions of the scale, while the interruption 
of the circuit produced only a shrinking of 47 divisions. There 
was a tendency on the part of the bar, or of the mirror, to 
persist in the condition superinduced by the magnetism. The 
passing of a cab in this instance caused the scale to move from 
517 to 534—that is, it made the shrinking 64 instead of 47. 
Tapping the bar produced the same effect. 

“The bar employed here was a wrought iron square core, 1‘2 
inch a side and 2 feet long. 

“The following tables will sufficiently illustrate the perform- 
ance of the instrument in its present cohdition. In each case 
are given the figures observed before closing, after closing, and 
after interrupting the circuit. Attached to each table, also, are 
the lengthening produced by magnetizing and the shortening 
consequent on the interruption of the circuit :— 


Scale 
Circuit. 20 cells. 
Open, 653 
Closed, 475 188 elongation. 
Broken, 579 114 return. 


Scale 

Circuit. 10 cells. 
n, 647 

Closed, 516 131 elongation. | 

Broken, 581 65 return. 

Open, 637 

Closed. 509 128 elongation. | 


Closed, 452 186 elongation. 
Broken, 568 116 return. 


Broken, 579 70 return. 
Open, 632 
Closed, 491 141 elongation, | 
Broken, 568 77 return. 


Open, 632 
Closed, 472 160 elongation. 
Broken, 561 89 return. 


| 
Open, 638 
| 
| 
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“These constitute but a small fraction of the numbers of 
experiments actually made. There are very decided indica- 
tions that the amount of elongation depends on the molecular 
condition of the bar.* For example, a bar taken from a mass 
used in the manufacture of a great gun at the Mersey [ron- 
works, suffered changes on magnetization and demagnetization 
considerably less than those recorded here. I hope to return 
to the subject.” 

That the tilt of the mirror in this instrument should be con- 
troled alone by the molecular motions of the bar, was hardly to 
be expected from a critical examination of the construction of 
the apparatus. The suddenupward push on the fulcrum might 
readily cause a minute permanent displacement of this delicate 
axis, and this change of position being greatly magnified by 
the lever and mirror would affect considerably the mirror's 
subsequent position of repose. Also, if on the above sudden 
and powerful impulse the long arm of the lever received a 
slight permanent flexure, or if the slender wire, connecting the 
end of this lever-arm with the mirror-axis, should become 
slightly elongated, these strains would determine a change of 

osition in the mirror aftercontact with the battery was broken. 

‘he marked want of stability in the scale readings I attribute 
to the fact, that the weight of the indicating apparatus was placed 
on long brass rods, whose upper ends were unrestrained from 
partaking of tremors whose pulses were synchonous with the 
time of vibration of its system of weighted rods. These tremors 
transmitted though the ground to them caused the apparatus to 
partake of the nature of an instrument known to astronomers 
as ‘‘ Hardy’s Noddy,” which is a species of inverted pendulum, 
and was even used by Captain Kater to detect any vibrations 
in the support of the pendulum used in his celebrated “ Experi- 
ments for determining the Length of the Pendulum vibrating 
Seconds ” (Phil. Trans., 1818, p. 42). 


Art. XXI.—ZJnvestigations on Parasulphobenzoic Acid ; by Ira 
REMSEN. 


A sHorT time ago I commenced a series of investigations 
the object of which was to throw additional light upon the 
subject of “ molecular rearrangement in aromatic compounds.” 
I was guided by the hope that many, if not all, of those cases 
of apparent anomaly, which had been referred to molecular 
rearrangement, might, by a careful reéxamination, find other 
and more satisfactory explanations: and that this inexplicable 

* This fact had previously been shown by Joule’s experiments. 
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and dangerous bugbear might, in consequence, be forced at 
least from that division of organic chemistry which comprises 
the so-called aromatic compounds. Up to the present the 
object in view has hardly been approached, inasmuch as attrac- 
tive byways were soon disclosed, and these were followed. 
Leaving then for a future paper the consideration of the sub- 
ject mentioned above, until its study shall have become more 
complete, I shall here give a description of one of the byways 
which drew me away from the main road. 


I. Paraoxybenzoice Acid from Sulphobenzoie Acid. 


A most glaring case of apparent molecular rearrangement is 
that noticed in connection with the formation of protocatechuic 
acid from oxybenzoic and paraoxybenzoic acids ; and the forma- 
tion of pyrocatechin (and only this) by the dry distillation of 
protocatechuic acid. ‘To this case I have already referred,* 
and it was, indeed, for a short time the subject of a discussion + 
which ended temporarily in an unsatisfactory manner. I hope 
by its further study to be able to come to a definite conclusion 
in regard to it. My attention was at first directed to the study 
of the oxybenzoic acid from which the protocatechuic acid 
had been prepared. Adopting the method which had al- 
ready been employed for the preparation of this acid, I con- 
verted a quantity of benzoic acid into sulphobenzoic acid, and 
melted the potassium salt of this latter with potassium hydrox- 
ide. On extracting the product in the usual manner, by means 
of ether, and crystallizing it from water, I was astonished to 
find that, on cooling, well-formed, slightly colored crystals were 
deposited from the solution, instead of the crystalline mass or 
verrucous masses characteristic of oxybenzoic acid, which I 
anticipated. The general appearance of these crystals led 
immediately to the conclusion that in this case paraoxybenzoic 
acid had been formed; and further examination showed this to 
be true. The substance was recrystallized from water, and 
then possessed all the characteristics of a pure chemical com- 
anh The crystals were now colorless and sharply defined 
in form. They were transparent; but, on being heated to 100° 
in an air-bath, they became opaque, the presence of water of 
crystallization being thus indicated. The fusing point was 
found to be 210° in repeated experiments ; and decomposition 
took place when the crystals were heated slightly above the 
fusing point. The point of solidification was 160°. All these 
properties taken together prove that the substance under con- 


sideration is not oxybenzoic acid; and the proof that it is 


* Zeitschrift fiir Chemie, N. F. 7, 294. 
+See Barth, Berliner Berichte, iv, Jahrgang, 8S. 633; Ascher, ibid, iv Jahrgang, 
S. 650; Fittig, Zeitschrift fiir Chemie, N. F. 7, 181. 
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paraoxybenzoic acid was rendered complete by the analysis, 
which gave the following results : 


I. 0°3308 grams substance, heated to 110°, lost 0°0383 grams H?0. 
If. 0°2925 grams dried substance gave 0°6502 grams CO? = 
0°17733 grams C, and 0°1181 grams H?O =0-01312 grams H. 

Calculated. Found, 

Cc’ 84 53°85 53°61 

Hé 6 3°84 3°97 

O8 48 30°77 

H?0 18 11°54 11°58 


156 


Paraoxybenzoic acid, then, according to this, can be the pro- 
duct of the action of potassium hydroxide on sulphobenzoic 
acid. But this reaction has been employ ed for the preparation of 
pure oxybenzoic acid,—-first by Barth,* and afterward by Heintz + 

—and, as neither of these chemists mention the formation of 
paraoxy benzoic acid under these circumstances, it is fair to sup- 
pose that, if formed, it escaped their attention : that it could 
not have made its appearance in such quantities as in the 
experiment described, is evident. ‘I'he question now naturally 
arose whether the conditions under which I had prepared the 
sulphobenzoic acid had been of influence on the product. In- 
stead of waiting until the sulphuric anhydride had entirely dis- 
solved the benzoic acid, as Barth did, 1 had added a small 
amount ot fuming sulphuric acid to the semi-liquid mass after 
a time, and then heated gently until complete solution resulted. 
This shortened the operation somewhat, as the lumps of ben- 
zoic acid, which had become packed together, were thus brought 
under the direct influence of the fuming acid ; whereas, before, 
they were covered with a thick pasty layer which protected 
them. 

In order to decide the question I made two experiments. 
First, sulphobenzoic acid was prepared strictly according to 
the method of Barth, every letter of his directions being fol- 
lowed, and the acid. thus prepared melted with potassium 
hydroxide. Second, sulphobenzoic acid was prepared by sim- 
ply heating benzoic acid with fuming sulphuric acid ; and the 
product melted with potassium hydroxide. Strange to say, 
these two experiments gave identical results, which differed 
from that already obtained. Paraoxybenzoic ‘acid was indeed 
formed in both cases, but in much smaller quantity than in the 
first experiment. Instead of appearing in the first deposit of 
crystals, it was now not observed until the second or third; but 
then unmistakably. It possessed all the characteristics of the 


* Annalen der Chemie und Pharmacie, cxlviii, 30. + Ibid., cliii, 326. 
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acid—its crystalline form, fusing point, water of crystalliza- 
tion, ete. 

After this a large number of experiments were made, with 
the object of discovering the conditions which are favorable 
to the production of paraoxybenzoic acid by means of this reac- 
tion; but, although this acid was in every case obtained as a 
secondary product in much smaller quantity than oxybenzoic 
acid, the greatest possible variations failed to bring about the 
first remarkable result. I was hence obliged to abandon the 
hope of clearing up this point, and to look upon the innumer- 
able experiments as having increased rather than decreased the 
mystery. It is thus, at least, shown that the product, which 
had been looked upon as an individual substance, is in reality 
a mixture ; and, inasmuch as the properties of oxybenzoic acid 
are such as to preclude the possibility of judging positively in 
regard to its purity from its appearance; and, as its thorough 
separation from paraoxybenzoic acid by means of crystallization, 
when the two are present in the mixture in anything like equal 
proportions, is an impossibility ; I endeavored to discover some 
other means which might be employed advantageously for the 
purpose of separation. 

It seemed possible, from a study of the salts of the two acids, 
that the cadmium salt might be called in to aid successfully in 
this project. But experiment soon showed that, however well 
the cadmium salt of paraoxybenzoic acid might crystallize in a 
pure condition, it resisted all attempts when mixed with the 
ox vbenzoate. 

According to Barth, the basic barium salt of paraoxybenzoic 
acid is easily formed by the addition of an excess of barium 
hydroxide to a somewhat concentrated solution of the acid ; and 
this salt, being insoluble, or nearly so, is precipitated under these 
circumstances, whereas no corresponding salt of oxybenzoic 
acid is formed. Taking advantage of this fact, the solution of 
the two acids was treated with barium hydroxide, and a precipi- 
tate was thus obtained. On decomposing this precipitate a 
quantity of pure paraoxybenzoic acid was obtained; but on 
examining that which still remained in solution it was found to 

be a mixture, and this method of separation proved to be of no 
value. Since the publication of my first notice on this subject, 
Barth has repeated his former experiments, and confirms my 
statement that paraoxybenzoic acid is always formed in the 

reparation of oxybenzoic acid from crude potassium sulpho- 

enzoate. He. at the same time, however, remarks that pure 
oxybenzoic acid may be obtained by means of this reaction, it 
being merely necessary to recrystallize the crude product a few 
times from water. It is very possible that a pure substance 
may be obtained in this way, but it is a difficult matter to prove 
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positively that this is the case, especially as we know that there 
is a source of impurity which, as we have seen, may vary 
greatly in its influence upon the character of the product. It 
seems to me then that, whenever for test experiments pure 
oxybenzoie acid is required, it would be advisable to become 
convinced of its purity by some other means; and I would sug- 
gest the preparation of pure acid barium sulphobenzoate as the 
first step. This salt can be readily obtained in beautiful, ei 
fectly formed crystals, the appearance of which is a test of their 
purity ; aud from this pure oxybenzoic acid can be obtained. 


IL Parasulphobenzoic Acid a constituent of crude Sulphobenzoic 
Acid. 


The formation of paraoxybenzoic acid under the cireumstances 
mentioned above might be due to two causes. Hither meta- 
sulphobenzoic acid might yield it through the instrumentality 
of molecular rearrangement under the influence of heat and 
fusing potassium hydroxide, or crude sulphobenzoic acid, pre- 
pared as above, might contain both the para- and meta-varieties, 
which would account for the complex character of the result- 
ing oxyacid. 

To test the first possibility, a quantity of pure acid barium 
metasulphobenzoate was prepared, and then converted into the 
potassium salt. This was melted with potassium hydroxide, 
and the product carefully examined. Nota trace of paraoxy- 
benzoic could be discovered in it. The experiment was re- 
peated a numbers of times, but the result was invariable. The 
second possibility thus became more probable. 

That portion of crude sulphobenzoic acid which had yielded 
the large proportion of paraoxybenzoic acid was now investi- 
gated, in order if possible to detect the presence of a second 
substance in it. It was neutralized with pure barium carbonate, 
and the excess of the latter and the precipitated sulphate then 
filtered off. The clear solution was separated into two equal 
portions and from one of these the barium precipitated by pure 
sulphuric acid, care being taken to avoid the least excess of the 
latter. On now mixing the two clear solutions again, evapora- 
ting to the point of crystallization, and allowing to cool, long, 
flat, acicular crystals made their appearance. These had no 
resemblance to the known acid barium salt of sulphobenzoic 
acid. They were recrystallized from water, and were now 
obtained in exceedingly beautiful form. Repeated recrystalliza- 
tions failed to change this form. This being established, the 
salt was analyzed with the following results: 


I. 0525 grams salt lost in weight constantly up to 200°; above 
this temperature no loss took place. The entire loss was 9-047 
grams. This portion of the salt gave 0°206 grams BaSO*= 
0°12113 grams Ba. 
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II. 0°5307 grams salt lost 0°494 grams at 200°; and gave 
0°2078 grams BaSO*4 =0°12219 grams Ba. 


Calculated. Found. 
402 67°79 
Ba 137 23°10 23°07 23°02 
3HO?2 54 9°11 8°95 9°31 


593 100°00 
The formula thus deduced, viz: (C7H*SO*)?Ba + 31H1?0, 


is, however, the same as that given for the known salt of sul- 

phobenzoic acid; and hence, though the evidence might be 
strong in favor of considering the analy zed crystals as represent- 
ing a second and new variety of the salt, it was by no means 
conclusive. Two experiments were now made, the results of 
which were decisive. In the first place the mother-liquor from 
the salt obtained was evaporated down, and then yielded a mix- 
ture of two well characterized salts, the long, flat crystals and 
moderately well formed, apparently monoclinic prisms. On 
separating the latter as well as possible from the superimposed 
crystals, and recrystallizing them, they were soon very much 
improved in appearance, being now perfect in form, and cor- 
responding in every way to the known salt of sulphobenzoic 
acid. These, as well as the other crystals mentioned, ret tained 
their form through a series of crystallizations. They were 

analyzed for the purpose of comparison. 

0°5182 grams salt lost 0°0484 grams at 200°; and gave 0°2038 

grams BaSO4=0°1198 grams Ba. 


Calculated. Found. 

12) 402 67°79 
Ba 137 23°10 23°12 
8H?20 54 9°11 9°34 


593 100°00 

Again, the acicular crystals were converted into the potassium 
salt, and this melted with potassium hydroxide. The reaction 
was very clean, vielding immediately a perfectly colorless, well 
erystallized product. This possessed all the characteristics of 
paraoxybenzoic acid, viz: the same degree of solubility in 
water, the same fusing point, the same crystalline form ; they 
also contained water of crystallization. With these facts an 
analysis was deemed unnecessary. The conclusion is, therefore, 
justified that the acicular crystals are the salt of a second 
variety of sulphobenzoic acid, which, adopting the ordinary 
nomenclature, would naturally be called parasuiphobenzow acd. 
The presence of this acid in the crude product from the ac- 
tion of sulphuric acid in benzoic acid accounts then satisfactorily 
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for the unexpected formation of paraoxybenzoic acid under the 
circumstances mentioned above. The varying proportions of 
oxybenzoie and paraoxybenzoic acids, as final products of the 
series of reactions, corresponded to similar varying proportions 
of metasulphobenzoic and parasulphobenzoic acids formed in 
the primary reaction. This simultaneous formation of the two 
sulpho-acids is in perfect harmony with known facts, it being 
the rule that, when substitution-products are formed by the 
direct action of subtituting agents upon the mother-substance, 
at least two varieties of the product are formed, if this is possible. 
But why is it that in one case a larger (sometimes very large) 
quantity of the para-acid is formed, while in another only a 
small quantity 1s formed? I have in vain endeavored to 
answer this question ; and it was with a feeling of great dissatis- 
faction that I was obliged to abandon it, as the solution of this 
problem would have had a much greater interest than the dis- 
covery of the parasulphobenzoic acid. It appeared probable 
that the case under consideration might correspond to that 
studied by Kekulé* in connection with the isomeric varieties of 
sulphophenolic acid. In this case the meta-acid is formed 
almost exclusively when the reaction is allowed to take place 
at the ordinary temperature, but when the temperature is ele- 
vated the amount of the para-acid is increased gradually, until 
finally it is the only product. The meta-acid is then converted 
into the para-acid by the action of heat and sulphuric acid. 
Acting according to the suggestion thus offered, I attempted 
to convert metasulphobenzoic acid into the para-variety; but, 
as already stated, no amount of heating, no matter how long 
continued, brought about the desired result. Variations in the 
method of preparation were introduced as long as thought con- 
tinued to suggest them; some of these were apparently trivial, 
some decided ; but I only succeeded in accumulating a mass of 
negative imformation of no particular value. 

According to the experiments made, parasulphobenzoic acid 
is always produced when sulphuric acid acts upon benzoic acid. 
When it is present in the product in comparatively large quan- 
tity, it can be readily separated from the isomeric compound by 
means of the acid barium salt. If, however, it is present in 
small quantity, as is generally the case, it is very difficult, if 
not impossible, to obtain it in a pure condition. On preparing 
the acid barium salt, and evaporating the solution of the mix- 
ture, pure meta-salt is at first deposited; but when the solution 
has attained a certain degree of concentration the two salts crys- 
tallize out together, the long crystals generally appearing first 
and the monoclinic crystals of the meta-salt being then deposited 
upon and among these in such a complicated manner that the 


* Berliner Berichte, ii Jahrgang, S. 330. 
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task of separating the two mechanically is not in the least at- 
tractive nor promising. Repeated crystallizations do not 
change the character of the crystals. 

I now endeavored to find other means of separation; and 
among those tested was the partial crystallization of the acid 
sodium salts of the two acids. No better success attended this 
experiment. All other experiments made in this direction gave 
the same result. I was thus prevented from gaining possession 
of any respectable quantity of the new acid in this way; and 
as its study seemed to offer a prospect of interesting results, I 
turned my attention to attempts to find other methods for its 


preparation. 
[To be continued. ] 


Art. XXIL—On Dynamical Theories of Heat; by Prof. 
W. A. Norton. 


QuERY. Js heat any mode of motion of the utoms of ordinary 
matter ; such atoms being regarded, in accordance with the common 
notion of an atom, as incapable of experieneng any change of 
form or dimensions, or in the intensities of their acting jorces? 


There are three conceivable modes of motion of such invariable 
atoms—a vibratory or oscillatory motion, either rectilinear or 
curvilinear; a revolution of one atom around another; or a 
rotation of each about an axis. 

Let it be distinctly understood that the inquiry has reference 
only to atoms of ordinary or gross matter. There can be no ques- 
tion that heat, in its origin, and generally in its manifestations 
within ordinary bodies, consists in some form of periodic move- 
ment, attended with regularly recurring impulses communicated 
to the ether which fills all space and pervades the interstices of 
bodies ; since waves of radiant heat cannot possibly have any 
other origin. But the question is, whether the constituent 
atoms of bodies have this movement, or those of some form of 
ethereal matter intimately associated with these atoms. 

I. Can heat be any mode of vibratory, or oscillatory motion, of 
the atoms of gross matter. Against this notion of the origin, or 
nature of heat, many serious objections may be urged. 

1. Lt implies rates of vibration inconceivably more rapid than we 
have any independent reason to suppose can take place in the wite- 
rior of bodies. The most rapid molecular vibratory motion that 
we actually know of, occurs when a vibrating body emits a 
musical sound of the highest pitch that the ear is capable of 
detecting. This is at the rate of less than 80,000 vibrations per 
second, but an atom emitting the heat-rays of the red end of the 
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spectrum vibrates at the astonishing rate of 458 millions of mil- 
lion times per second. Thus in the supposed heat motion the 
vibration is six thousand million times more rapid than in the 
most acute audible musical sound. It is true the disproportion 
between the quantities of matter in vibration in the two cases 
may be very great, but it does not follow that the rate of 
vibration should augment in the same proportion. The case 
is not analogous to that of vibrating strings of diverse lengths. 
The comparative rapidity of movement in the two cases must 
depend on the comparative intensities of the accelerating forces, 
atomic and molecular, in operation. That the astonishing 
disproportion above stated, between the velocities of vibration, 
answering to the heat-rays and to the most acute musical sound, 
may exist, it is necessary that the same enormous disproportion 
should subsist between the accelerating forces in operation. 

2. The hypothesis under consideration implies, then, that the 
atomic forces in operation in the production of heat and light are 
inconceivably more intense than the molecular forces in action when 
musical sounds are oriyinated, or propagated. That this may be 
true, it is necessary, 1st, that in the case of every substance, 
whether in the solid, liquid, or gaseous state, the aggregation 
should be that of molecules made up of atoms, never that of 
simple atoms ; since if this were not the case the forces in play 
in the origination of atomic heat-vibrations, would be identical 
with those in operation in the origination and propagation of 
sound. 2d, that in every instance the distance between the 
molecules should be vastly greater than that between their con- 
stituent atoms. Now since the mutual action of two contigu- 
ous molecules is the result of the joint action of all their atoms, 
and since in the case of a solid, at least, it cannot be doubted 
that the contiguous molecules are in a state of equilibrium 
under the mutual action of their own forces alone (or very 
nearly so), their distance apart must be that at which all the 
mutual attractive actions exerted by the more distant atoms of 
the two groups is neutralized by the repulsions which take effect 
between those that are nearest to each other. The distance 
between the surfaces of the two molecules cannot then, in gen- 
eral, be materially different from that between their constituent 
atoms. It should be less rather than greater. As to the dis- 
tance between the centers of contiguous molecules, it cannot be 
many times greater than that between their atoms, unless the 
number of atoms combined together in each molecule is very 
great. When a substance is in the liquid form, the distance 
between the molecules cannot be materially different, from our 
present point of view, from that which obtains in the solid 
form; if, in fact, the ageregation of a simple substance in the 
liquid form be not that of atoms simply, instead of compound 
molecules. 
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In the propagation, then, of sound, or a force of percussion, 
through a solid or liquid, the force of repulsion developed 
between the contiguous atoms of two molecules should be as 
great as would be developed between the constituent atoms of 
the molecules by an equal relative displacement. The velocity 
imparted by this repulsion to the molecule, would of course be 
less than that communicated to the single atom by an equal 
force ; but less only in the ratio of the number of atoms in the 
molecule to unity. Unless, then, the integrant molecules of an 
elastic solid, or of a liquid, contain a large number of atoms 
the velocity of propagation through it of sound, or a force of 
percussion, should not be many times less than that which 
should occur from atom to atom of each of its molecules, under 
the operation of atomic forces conceived to be of sufficient in- 
tensity to impart hundreds of thousands of millions of millions 
of vibrations in a second—a velocity of propagation which 
should be comparable with that of light itself, by the lumini- 
ferous ether. We may conclude, therefore, that the immense 
disproportion between the rates of movement, and accelerating 
forces in operation, in the origination and propagation of waves 
of heat and of sound, can only be reconciled with the theory of 
atomic heat-vibrations under consideration. by supposing that 
the integrant molecules of all bodies, solid or liquid, contain 
millions of atoms. It is hardly necessary to add that there are 
insuperable objections to this supposition, on both chemical 
and physical grounds. 

8. Certain phenomena attendant upon the development of heat by 
impact, are opposed to the hypothesis of atomic heat-vibrations. It 
is found that a certain amount of heat is developed, as the final 
result of any case of impact, provided there is a residual com-. 
pression of one or both of the impinging bodies at the close of 
the impact, not otherwise; and that the quantity of heat 
evolved is proportionate to the degree of condensation. Now 
this residual condensation implies that the impact has aug- 
mented the attractive forces exerted by each molecule upon 
contiguous molecules; the repulsive forces exerted by it, if 
experiencing any change, certainly not being proportionally 
increased. The constituent atoms of each molecule must then, 
if invariable as supposed, have taken up new positions of 
equilibrium, in which the attractive actions exerted by them 
upon the atoms of a contiguous molecule have augmented. 
Hence the actions of the constituent atoms of each molecule 
on one another must have changed. Now such a change in 
the intensities of the atomic forces that take effect at a given 
distance, carnot result from the mere fact of atomic vibrations. 
Again if we reflect that the compression existing at the moment of 
the separation of the two colliding bodies, which serves as the meas- 
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ure of the heat evolved, may have an indefinite series of values, 
varying by ever so amall degrees with the force of impact, and 
with the ‘degree of elasticity, we shall see that the molecules 
must be capable of taking up an endless number of new posi- 
tions of equilibrium. But this is plainly impossible if the 
inherent atomic forces are invariable, since the mutual actions of 
the molecules, being the joint actions of their constituent 
atoms, cannot vary unless the individual atomic actions of 
which they are made up vary, and these cannot change, by 
such small degrees, unless the actions of the constituent ‘atoms 
of each molecule on one another change; for it is in this way 
alone that these atoms can take up an indefinite series of new 
positions of equilibrium, and so the molecules be capable of 
exerting corresponding varieties of action on one another. 

A similar conclusion may be arrived at, by considering the 
phenomena of the set of bars and beams, when relieved of strain. 
It has been established as the result of diverse series of experi- 
ments, under varied circumstances, that when a bar, or beam, 
is relieved of any strain to which it has been subjected bya 
weight, there is a small residual change of dimensions, form, or 
position, which is termed the set; and that this set, from being 
7 appreciable when the smaller weights are employed, 

teadily and slowly increases with the weight used. For exam- 
aa according to the results of Hodgkinson’s S experiments on 
the compression of a bar of cast iron, 10 ft. long, confined in a 
vertical position between guides, the set remaining after a com- 
pressing weight of about 2,000 lbs. per square inch of section 
was removed, was only ssz's55 of the length—that is, the dis- 
tance between contiguous molecules in the line of the bar was 
diminished by this fractional amount. The weights being 
gradually increased, from 2,000 lbs. to 83,000 lbs. the set 
remaining after their removal augmented by slow degrees from 

s.t37 Of the length. The atoms of the individual 
molecules of the iron must then have taken up a corresponding 
number of slightly varying positions of equilibrium, giving rise 
to new intensities in the forces of action of one molecule on 
another at a given distance. Now such a series of slightly dif- 
fering positions of equilibrium of the molecules, is plainly irree- 
oncilable with any other hypothesis than that of the capability 
of variations, by indefinitely srnall degrees, in the intensities of 
the atomic forces exerted at given distances. 

Whether, then, we consider the residual effects of a force of 
percussion, or of a force of pressure, we find that if we take the 
ground that the atomic forces vary in intensity only with the 
distance of action, we are involved in this dilemma; the effects 
observed cannot have place unless the constituent atoms of the 
molecules are capable of taking an indefinite number of slightly 


190 W. A. Norton—Theories of Heat. 


differing positions of equilibrium, and these diverse positions 
cannot be taken up if the forces exerted remain the same at the 
same distance. We are, therefore, compelled to abandon one 
prominent feature of the doctrine of atomic heat-vibrations, and 
admit that the mutual actions of atvms ure liable to change, under 
the influence of applied forces, by reason of some change taking 
plice in the physical and internal mechanical condition of the atoms 
themselves. 

We may conclude, therefore, that when two bodies collide, 
the condensation that subsists at the close of the impact is, in 
all probability, due to some action, exerted by the force devel- 
oped in the collision, upon the ultimate atoms of the bodies, 
which has the effect to change the physical and internal 
mechanical condition of each atom—a result which is conceiv- 
able only on the supposition that “the atom,” so-called, 7s made 
ug of distinct parts capable of relative displacement. We conclude 
also that the evolution of heat which accompanies tlie condensa- 
tion, and is proportionate in atnount to it, is probably due to 
the same physical change experienced by the atoms. 

Let us now attempt to gain a nearer insight into the detail of 
the process of evolution of heat by impact It will be con- 
ceded, that in the collision of two bodies a force of mutual 
repulsion comes into operation between the molecules at the 
point of contact; which goes on increasing in intensity as the 
minute distance between these molecules diminishes, and then 
decreases to zero at the instant of the final separation of the 
bodies. It is this force of mutual repulsion, developed at the 
point of contact, that is the immediate operative cause of all 
the phenomena of the impact.* This force cannot be the repul- 
sion of sensible heat, for the sensible heat-energy that pertains 
to any body is definite in amount, and if any portion of it is 
expended in the impact, it can, at most, only be given out 
again at the close, and hence the body could experience no 
increase of temperature. Now, in the impact of per/ectly inelas- 
tic bodies, the fact that there is no recoil shows that no portion 
of the energy of the moving bodies, lost in the impact, is 
expended in effecting their final condensation; for if it were, 
the potential energy of the resistance that would be in opera- 
tion at the moment when the bodies had a common velocity, 
would be expended in the production of a recoil. But this is 

*The mutual repulsion between the molecules in the interior of the two bodies 
comes into operation, it is true; but it is only incidentally, as an antagonistic force 
to the condensation which the repulsion developed between the contact-molecules 
tends to produce, in arresting the motion of approximation of the two bodies. The 
amount of the condensation experienced by the bodies, and the duration of the 
contact, will vary with the intensity of the internal elastic resistance thus called 
into play, for a given displacement of the molecules: or, in other words, with their 
coefficient of elasticity. They should also vary with any deviations from perfect 
elasticity that may subsist. 
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equivalent to saying that the atoms and molecules take up, of 
themselves, bv reason of variations in their mutual actions, in 
some way induced by the impact, a series of new virtual posi- 
tions of equilibrium in the process of condensation. Again, if, 
as we have seen, no portion of the energy lost in the impact is 
expended in effecting the final condensation, then it follows 
that the whole of the energy lost is consumed in the production 
of some form and amount of movement which must be. either 
potentially or actually, the heat-energy developed by the 
impact. This movement must be associated with, and proceed 
part passu with the changes of atomic and molecular actions 
above mentioned, and hence cannot be the supposed atomic 
heat-vibrations. But it may be conjectured that it may still be 
some potential change in the positions of the atoms, from which 
result atomic heat-vibrations. The answer to this is, that it 
is impossible that any such changes of position could form a 
series of positions of equilibrium of the molecules and atoms 
(which we have seen obtain, so far as the natural atomic forces 
are operative, in the case of inelastic impact) and at the same 
time result in atomic vibrations; since such vibrations imply 
that the mutual actions of the atoms, in the displaced positions, 
are either effectively attractive, or effectively repulsive, and 
hence these positions could not answer to states of equilibrium. 

To examine the process more closely ; at the instant when 
the distance between the molecules at the point of contact of 
the two bodies has reached its minimui, and, therefore, the 
mutual repulsion between them has augmented to its maximum 
value, the two bodies have been brought to a common velocity. 
In accomplishing this a certain amount of energy has been 
expended, which is measured by the mean value of the mutual 
repulsion between the contact-molecules during the minute 
interval of time that this repulsion has been in operation, mul- 
tiplied by the minute distance that these molecules have 
approached each other during the same interval. This is the 
greatest amount of energy, or living force, that the bodies can 
possibly lose in the impact. At the instant supposed, the con- 
dition of maximum approximation of the contact-molecules 
is attended with a potential energy of their mutual repulsion, 
equal to the actual energy expended by the same repulsion in 
bringing the bodies to a common velocity. Now, if the bodies 
be supposed to be tea 3 elastic, this potential energy will be 
expended in separating the bodies, by altering their velocities 
—the loss and gain effected being the same as has been experi- 
enced during the previous interval. The previous compression 
is now followed by an equal recoil, and the repulsions in opera- 
tion between the contact molecules, and between all those 
which have been urged into closer proximity, pass through the 
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same values in the inverse order, and in an equal interval of 
time. No heat, or other form of energy, can then be evolved. 

But if the bodies be imperfectly elastic the approximation of 
the molecules, and also of their atoms, during the interval of 
condensation, will be attended with an increase in the intensi- 
ties of the attractive forces exerted by the same, as compared 
with those of their repulsive forces. ‘lhe tendency of this 
change is to establish a series of new positions of internal equi- 
librium, in which the molecules, and their atoms, are in closer 
proximity than before. One result of this tendency will be 
that the amount of the condensation, and the duration of the 
process, will be prolonged. But when the end of this interval 
is reached the two bocies will have a common velocity, and 
this result will have been reached by the expenditure of a cer- 
tain amount of repulsive energy between the molecules at the 
point of contact, just as in the case of perfectly elastic bodies. 
But the potential repulsive energy between these molecules, 
now subsisting, is not, as in the former case, expended in alter- 
ing the velocities and momenta of the two bodies, but zs chiefly 
employed in effecting some mechanical change in the internal con- 
dition of the individual atoms, conceived to be made up of distinct 
parts, the recoil to which is the immediate origin of the heat devel- 
oped ; and these atomic changes are attended with variations in 
the intensities of the mutual actions of the atoms. It is to be 
observed that the contiguous surfaces of the colliding bodies 
now separate, after they have been brought to a common veloc- 
ity, chiefly by a continuation of the condensation of each body 
on the line of impact; brought about mainly by the variations 
above specified as occurring in the atomic forces. A small por- 
tion of the potential repulsive energy subsisting at the point of. 
contact, is consumed in effecting this condensation, in opposi- 
tion to a decreasing resistance; but the greater portion is 
employed in effecting the atomic change just mentioned, which 
in passing off produces an equivalent amount of heat-energy. 
This represents the amount of energy which is lost in the 
impact. 

Upon the conception of an atom, and of the molecular forces, 
adopted in my papers on Molecular Physics, published in former 
Nos. of this Journal, and in view of the special theory of the es- 
sential physical characteristics of imperfect elasticity presented,* 
the whole matter becomes intelligible. We see that the portion 
of the energy of the moving bodies which is lost in the impact, 
is expended in disturbing the dynamic equilibrium of the electric 
envelopes which surround the atoms, and are immersed in their 
ethereal atmospheres.t The reason of this result lies in the 


* This Journal, June, 1872, pp. 443 and 444, 
+ This Journal, May, 1872, p. 336. 
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theoretical position taken, and sustained by various considera- 
tions,* that in the case of inelastic bodies the approximation 
of the atoms is attended with an increase in the attractive 
impulses which their contiguous envelopes exert upon each 
other, and therefore, with an expansion of the envelopes, and 
consequently a diminution in the distance between the atoms 
that answers to the zero of effective action. It thus happens 
that, as the condensation goes on, a series of instantaneous 
positions of equilibrium of the atoms and molecules (so far as 
the natural molecular actions are concerned) are passed through, 
by reason of the change just noticed, induced in the condition 
of the atoms. The potential repulsive energy subsisting at 
the point of contact, is thus mainly expended in disturbing the 
equilibrium of the atomic envelopes. The heat-energy evolved 
consists in the return of these envelopes to their former undisturbed 
condition, with attendant vibratory movements of their different 
layers, and the ethereal waves resulting therefrom. As the atomic 
envelopes return to their original condition, with the evolution 
of heat, the condensation or set, subsisting at the instant of the 
complete separation of the bodies, will pass off, in consequence, 
more or less. Any permanent set that may remain after the 
bodies have recovered their original temperature, being chiefly 
due to changes in the atomic forces, resulting from alterations 
of the physical condition of the atoms incidental to the act of 
compression, will not have been attended with the expenditure 
of any considerable portion of the energy, or living force, that 
is lost in the impact. 

The theory may be succinctly stated as follows: The destruc- 
tion of the motion of approximation of the two bodies, during 
the first stage of the impact, will introduce into the system an 
amount of repulsive energy equal to that expended in bringing 
the two bodies to a common velocity. In elastic impact this 
is consumed in imparting the same loss and gain of velocity 
already experienced ; but in inelastic impact is expended in 
displacing the atomic envelopes from their positions of equi- 
librium, and their subsequent return to their former condition 
is the immediate origin of the heat given off. The essential 
ground of the distinction lies in the fact that, with elastic 
bodies, the atomic forces, as exerted at a given distance, do not 
vary in intensity; while the reverse is true of inelastic bodies. 
The physical reason for it is that, in the former case, the mutual 
attractive actions of contiguous atomic envelopes is not altered 
by reason of the condensation which the bodies undergo, while 
in the latter it is augmented.t 

4. Another no less decisive objection to the doctrine of 


* This Journal, June, 1872, p. 444. 
+ This Journal, June, 1872, p. 443 and 444, 
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atomic heat-vibrations, may be derived from the consideration 
that the rapid subsidence of the supposed vibrations, both of heat 
and light, when their inciting cause is no linger in operation, 
implies a degree of resistance to the rapidly moving atoms, from 
the ether to which the living force of the vibrations is communicated, 
fur greater than can be admitted to exist. A short calculation 
will serve t» make this evident. According to the experiments 
of MM. F. Lucas and A. Cazin,* the duration of a spark from 
an ordinary electrical machine does not exceed 4 millionths 
of a second. In this minnte interval of time, then, a large frac- 
tion of the living force of atomic light-vibrations, incited by 
the electric discharge, is communicated to the surrounding 
ether. Now let us allow that the extent of the vibrations is 
as much as ;,;'s5 Of an inch (which is undoubtedly much above 
its actual value). The average number of undulations per sec- 
ond, in the waves of the different colors that make up white 
light, is about 550,000,000,000,000. In one second, then, each 
of the vibrating atoms will have traversed, in successive vibra- 
tions, the space of 0°001X550,000,000,000,000 in. = 8,680,555 
miles. This exceeds the velocity of the earth in its orbit 
(18°18 miles per second) in the ratio of 477,478 to 1. Now we 
will suppose that in the interval of 4 millionths of a second 
the average velocity of the atomic vibrations is only reduced 
by a small fraction, say ;';, instead of being entirely taken up, 
and that the retarding force of the ether remains sensibly con- 
stant while this small reduction takes place. Denote this retard- 
ing force, for a single atom, by p; the initial average velocity of 
vibration, above given, by v; and the interval of time in which 
a constant retarding force, of the intensity p, would be capable 
of bringing the atom to rest byt. then v=pt. Also let v’=v— 


a and ?¢’ the interval of time in which the same retarding 
force would destroy this velocity; then v'=pi’. Hence v—v'=p 


v 
(t—?’), and t—t’= — . This is then the expression 


for the interval of time in which the velocity v should be 
reduced ;';. The retarding force of the ether, at the velocity of 
8,680,555 miles, of the atom, should exceed (if we admit the 
law of proportionality to the squares of the velocities) that 
which the same atom would experience, if moving with the 
velocity of the earth in its orbit, in the ratio of (477,500)? to 1. 
Let us denote this latter retarding force by p’; and suppose 
T—T"’ to be the interval of time in which this force should re- 
duce the velocity (V), equal to that of the earth in its orbit, 
by ;'s Then, as before, 
* Philosophical Magazine, Oct., 1872, p. 319. 
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V=p'T, V'=p’T’, and T—T’= 


We have, therefore, - 
10p 

Or, T-—T’=(¢ (477,500)?. 


Thus, T—T’=(t—?’)477,500=477,500 x 0*:000004=15-91. 

Accordingly, if the velocity of vibration of the atoms, pro- 
duced by the electric spark, is reduced by ;'; in 4 millionths of 
a second, the same atoms moving with the velocity of the earth 
in its orbit, should lose ;'; of their velocity in two seconds. 

It does not seem possible that any allowable change in the 
assumptions upon which the foregoing calculation proceeds, 
can be made that will not still reveal an enormous discrepancy 
between the ethereal resistance computed for the orbital veloc- 
ity of the earth and any actual resistance that can be admitted. 
It is true this discrepancy may be much lessened, for the gen- 
eral mass of the earth, if we allow that the resistance of the 
ether takes effect upon the molecules of this mass, instead of 
their constituent atoms; and still more if the flow of the ether 
through the interstices of the mass be conceived to be wholly 
obstructed. But we can neither take the ground that the mole- 
cules of the earth’s atmosphere contain a great number of atoms, 
nor that it intercepts the impulses that take effect upon the 
ether which pervades its interstices, by reason of the earth’s 
motion in its orbit. Much less can such a position be taken 
with regard to the cometary bodies, whose substance seems at 
times to reach the verge of possible tenuity, and yet they tra- 
verse the sea of ether often with velocities much greater than the 
earth’s. It is a question not yet definitely settled, whether any 
of these bodies are sensibly resisted in their motions by the 
ether of space. 

It may perhaps be objected to the above calculation, that the 
basis of it is the exceedingly rapid subsidence of the light emit- 
ted by the electric spark, and not of heat-rays. But the origin 
of light is conceived to be essentially the same as that of heat— 
if it is atomic vibrations for the one, it is also atomic vibrations 
for the other, differing only, to a certain extent, in rate and 
amplitude. If in ordinary cases the subsidence of heat is less 
rapid, it must be ascribed to the fact that the loss by radiation 
at the surface of the heated body is supplied in a good degree 
by heat received by conduction from the interior of the mass. 
In the case of a thin gas-jet, a sudden interruption of the sup- 
ply is no doubt attended with an almost instantaneous large 
reduction of the heat evolved. 

Am. JOUR. Serigs, VoL. V, No. 27.—Marcu, 1873. 
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II. Can heat consist in a motion of revolution of the atoms of 
bodies? The same objections that have been urged against the 
theory of atomic heat and light vibrations, will hold against 
the present hypothesis. The hypothesis seems, in fact, to be 
almost a mechanical impossibility, consistently with the ordi- 
nary permanency in the properties of substances. Whether we 
regard the atoms as arranged in duplex or complex systems, 
these systems must be within the range of powerful reciprocal 
action, and hence must be exposed to mutual perturbations that 
should apparently be destructive of all permanency in their 
state, and so in the mechanical and physical properties of the 
substance to which they belong. 

III. Can heat consist in a rotation of atoms about axes? The 
same objections still hold against this hypothesis as against that 
of atomic vibrations. To these it may be added, that upon this 
idea the expansive action of heat must result from ethereal 
vortices originating in the motion of rotation, but if such vor- 
tices have an outward or repulsive action, in a direction per- 
pendicular to the axis of rotation, the tendency should be the 
reverse of this in the direction of the axis; and hence atoms 
that have absorbed an additional amount of radiant heat (i. e., 
have taken on, under the impulses of the heat waves, a more 
rapid rotation) should exert an expansive action in certain direc- 
tions, but a contractile action in directions at right angles to 
these. 

Other objections, of great force, might be urged against the 
doctrine that heat is some mode of motion of the atoms of gross 
matter, drawn from both physical and chemical considerations ; 
but those which have been presented will suffice. Unless they 
ean be effectively answered this doctrine must be unhesitatingly 
abandoned. 

Conclusions.—The results of the foregoing discussion seem to 
bring us irresistibly to the conclusion that the atoms of bodies 
must be made up of distinct parts bound together by certain 
forces; and that heat must consist in some movement of rela- 
tive displacement among these constituent parts of the atoms. 
If now we consider that every atom is capable of exerting upon 
surrounding atoms an effective repulsion at the more minute 
distances, and an effective attraction at certain greater distances, 
we are led to infer that the “‘ atom,” so-called, consists of a cen- 
tral attractive nucleus, surrounded by an envelope, or atmos- 

here, composed of repulsive elements. We also readily 
eae the possibility that heat and light may consist in some 
moe of motion of this outer envelope, either in its elementary 

arts, or as a whole. Now we have independent evidence, 
afforded by the entire series of electric and magnetic phenom- 
ena, that there exists a subtile form of matter, made up of 
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mutually repulsive elements, intimately associated with the 
atoms of bodies, which has received the name of the electric 
fluid, or electric ether. _ It is true that it has been vaguely con- 
jectured that electricity may consist in some mysterious mode 
of motion of the atoms of ordinary matter, but such a mere 
conjecture, unsubstantiated by any decisive evidence in its 
favor, cannot throw an air of Mes, Hse over an hypothesis 
that is sustained by a multitude of actual phenomena. 

It is, however, conceivable that the electric may be identical 
with the: luminiferous ether which permeates all bodies, and is 
known to be physically linked to its atoms. We may then 
form two possible conceptions of an atom, with its essential 
accompaniments, viz: (1) that it consists of a true atom sur- 
rounded solely by an atmosphere of luminiferous ether; 2) that 
it has, in addition, an envelope of distinct electric ether immersed 
in the ethereal atmosphere. In view of the results of this dis- 
cussion, we recognize the high probability that heat and light 
originate in some mode of motion occurring in the ethereal 
atmospheres, or in the electric envelopes of the atoms ; or, more 
properly, in the force or forces by which such a movement is 
produced. 

Against this conception of the origin and nature of heat, the 
objections that have been brought forward against the prevail- 
ing notion do not hold good. The source of heat is now trans- 
ferred from the atom proper to its ethereal atmosphere, or 
electric envelope, one or both—and, therefore, to a form of mat- 
ter nearly if not quite as subtile as the medium of light, and 
whose elastic forces are nearly or quite as intense. Hence the 
enormous rapidity of the recurring movements, and the amaz- 
ing intensity of the accelerating forces in play in the evolution 
of heat and light, are in full accordance with the present hypoth- 
esis. Again, the change in the physical state of the “atom” 
(what is ordinarily represented by this term) and consequently 
in its operative forces, which we have recognized as attendant 
upon the evolution of heat by impact, are effects that may rea- 
sonably be expected from a disturbance of the atomic envelopes 
by the force of impact.* Also, upon this hypothesis the impact 
of the ether of space upon the earth, and other cosmical bodies, 
should take effect upon the ethereal atmospheres of the atoms 
of these bodies, and develop electric or pe oe currents, that 
would eventually pass off in the form of heat-energy, without 
finally checking the translatory motion of the atoms. It may 
seem improbable, from our ordinary point of view, that such a 
result should follow from ethereal impulsive actions; but we 
have already seen (p. 192) that the same potential repulsive 

* What I conceive to be the actual nature of the change which the atom under- 


~~ and the true process of heat-evolution, has already been briefly intimated 
p. 193). 
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energy which, in the recoil of two elastic bodies compressed by 
impact, imparts an additional loss and gain of velocity to the 
bodies, is expended, in the case of inelastic bodies, in the devel- 
opment of an equivalent heat-energy, without changing the 
velocities of the bodies as a whole. The force that is here 
operative is the mutual repulsion between the contact-mole- 
cules, of which we can form no other definite conception than 
that it consists of a perpetual stream of ethereal wave-impulses, 
that becomes operative, in a sensible degree, so soon as the 
molecules at the point of contact come within a certain degree 


of proximity. 


Art. XXIV.—On the Glacial and Champlain eras in New 
England ; by JAMES Dana. 


THE following brief statement of some of the views I 
have been led to entertain, with regard to the Glacial and Cham- 
plain eras in New England, is here presented to close up my 
contributions on the subject and help forward discussion. It 
may also serve a good turn by preventing a waste of energy in 
combating misunderstandings, such as occurred not long since.* 
Fuller illustrations with regard to most of the topics, supple- 
mentary to those in my Manual of Geology, will be heentd in 
my Memoir on the Geology of the New Haven Region, in vol- 
ume ii (1870) of the Transactions of the Connecticut Academy, 
and in papers in the volumes of this Journal for 1871. On 


* Proceedings of the Boston Soc. Nat. Hist., vol. xv, p. 48, 1872. The “ strict- 
ures” of the author (read before the B. 8. N. H. in 1870) ‘“‘on Dana’s Geology of the 
New Haven region” are, for the most part, not on my views but on his unfortunate 
misunderstandings of them. In the commencement of his remarks on the Post-ter- 
tiary, he says that the Post-pliocene of Lyell corresponds to my Terrace or Recent era 
—the third division of the Post-tertiary ; when, in fact, as my Geology shows, it is 
very closely equivalent of the Glacial and Champlain eras, or the first two divisions. 
In another place he states that the Champlain era seems to have been. in my view, 
one in which the ocean extended over the most of New England beneath the 
glacier, and the deposits made were chiefly marine:—-when I have opposed both 
views in my memoir as well as my Geology, and have made the era that of the most 
extensive freshwater formations in the world’s geological history. Again, he re- 
marks that I refer to the Terrace era the terrace deposits of the river valleys and 
sea-shores ; when, as just stated, I make these preéminently the Champlain deposits, 
and include in the Terrace era only the terracing of the Champlain beds, and the 
formation of some superficial deposits. Then, having made my “Terrace or 
Recent” era to cover a large part of the Champlain era, he institutes for the rest— 
the Recent part in his view, which he supposes I wrongly annexed to the Terrace 
era—another grand division of the Post-tertiary and provides it with a name; 
which grand division is essentially identical in its deposits with the whole of my 
“ Terrace or Recent” era. This “‘ comedy of errors” relates to subdivisions which 
are explained at length in my Geology and adopted in the memoir. 

Other examples of the misunderstandings that pervade the article might be 


mentioned; but these are enough. 
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one point, the height of the icy plateau in which the glacier- 
flow over New England had its head, (treated in vol. ii of this 
Journal, p. 324, 1871,) I give additional observations with 
a modification of my former conclusion. 


I. The Glacial period (that of the great glacier) was an era of 
transportation by ice, with the deposition from the glacier of 
only a small part of the drift, including the boulder clay ; while 
the early part of the Champlain period, to which I refer the 
time of melting, was an era eminently of deposition, and also of 
further transportation by moving waters and floating ice. 

II. The Glacial period was very long. Supposing, as I have 
done, one foot a week as the average rate of movement—per- 
haps too large an estimate—10,000 years would be required to 
carry a boulder one hundred miles, the distance from the 
northern boundary of Massachusetts to New Haven, Ct.; and 
how many times one hundred miles were passed over by the 
ice has not yet been deciphered. The progress of the melting 
of the glacier was for the greater part exceedingly slow; but at 
the close, or for the lower 500 feet, relatively rapid. 

IIL The general course of the movement over New England 
was to the southeastward. But in the larger valleys there was 
often a more or less perfect conformity to the course of the 
valley; showing that the movement of the lower part of the 
glacier was determined, in some degree, by the slopes of the 
surface beneath—just as thick pitch, descending a gently-inclined 
board that has large oblique furrows in its surface, would follow 
the general slope of the board, but have a part below diverted 
by the furrows. The direction of movement was determined 
by the general slope of the upper surface of the glacier; and this 
depended on the distribution of precipitation and temperature, 
and the position of the region of freest discharge, as well as 
the general slope of the land ; but the influence of the valleys 
beneath was the same, whichever of these causes was predomi- 
nant. 

IV. Since the glacier was spread widely over the country 
and had no overhanging rocky walls or peaks, its stones and 
earth must have been gathered into its lower part where it lay 
in contact with the earth’s surface. It brought to the New 
Haven region masses of trap, of all sizes, from small peb- 
bles to boulders of 1,000 tons, and these must have been taken 
up for transportation from the trap ridges of the Connecticut 
valley, nearly all of which are under 1,000 feet in height above 
the sea. It also brought masses of sandstone from the lower 
hills or plains adjoining: and from veins in the rocks dug 
out pieces of native copper, which were dropped on the way ; 
one such, found within two years past, a few miles north of 
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New Haven, weighing nearly a hundred pounds. These are 
mentioned as examples of what occurred everywhere. The 
whole surface of the country, from the slopes of the higher 
mountains to the low plains, contributed to its load, the glacier 
making much loose material by abrasion where it found none 
at hand. Moreover, part of this material was gathered up 
within a few miles of where it was deposited. 

Having a thickness of 5,000 to 6,500 feet in northern New 
England and an average of 2,700 in southern, the pressure on 
the surface beneath was immense; 6,000 feet corresponding to 
at least 300,000 pounds to the square foot. Under this great 
pressure there was not only abrasion of the rocks beneath by 
the ice armed with stones in its lower surface, and also a crush- 
ing of softer kinds from mere pressure, but, besides, a breaking 
and crushing of the ice itself against the obstacles in its course, 
and also a pressing of the plastic material down among all the 
stones and gravel or sand; and thus it was able to envelop and 
take up into its mass the loose material.* Further, the ice of 
the ice-mass above must have been forced down into all open- 
ings and crevices in the rocks, so that the glacier, as it moved, 
had tremendous power in prying off and abrading, and must 
have made boulders and gravel—its chips—in immense quan- 
tities for transportation. Such work is more readily done by 
a continental glacier 2,500 to 6,000 or more feet thick, than 
by one of 500 or 1,000 feet confined in an Alpine valley ; for 
the power of erosion increases almost exactly with the thick- 
ness of a glacier. 

In consequence of the conditions just stated, the stones and 
earth which the glacier bore along were contained mostly within 
the lower 1,000 feet, and probably the larger part in the lower 
500. 

V. The larger rivers of New England may have continued to 
flow through the whole of the Glacial period, though, to the 
north, with diminished volume. The existence of such a period 
demanded only that through a long succession of years the 
melting in the warmer months should have carried off each 
year only a part of its snows, so that an annual addition was 
made to the accumulation in progress. A fourth, or a third, or 
more of the snows that fell each year may have melted to de- 
scend through the crevasses, and if so the streams would have 
been sufficiently well fed, independently of the contributions 
of springs, to have kept up their flow under the mantle of ice, 

* In experiments by Christie, and also by Tyndall, ice has been moulded into 
various shapes by pressure; and Tresca has produced, by forcing it through 
holes, long cylinders, the ice in the operation not losing, he states, its glassy tex- 
ture or aspect. Tresca found the pressure requisite that of a column of water 


4,000 feet high. But having unlimited time at command, as with the old glacier, 
the work could be done with less pressure. 
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and to have performed, to some extent, their ordinary work of 
erosion and transportation. Their loss from evaporation would 
have been very small, in their cold covered ways. As freedom 
from melting is not probable, so the existence of such streams 
may be reasonably assumed. (See, further, page 208.) 

VL. The melting of the glacier was brought on by a general 
amelioration of the Glacial climate,—probably consequent upon 
a diminution of the elevation of land over the higher latitudes, 
sinking this part of the continent below its present level (see 
beyond, p. 211). It went on over the general surface of the 
glacier, and not merely at its southern edge, though of course 
diminishing in rate to the northward. When the average thick- 
ness of the ice over a region was reduced to 1,000 feet, the 
stones and earth that had been in the ice above were now in 
this remaining — and so for 500 feet, etc.; and conse- 
quently, toward the close of the melting, very large quantities 


of drift must have been set free together. Sooner or later, the 
waters from the melting ice, descending through the crevasses 
or other openings, would have made streams in all the valleys, 
even those now dry, and lakes wherever there was no outlet, 
besides enlarging greatly the rivers and lakes that may have 
held their places through the Glacial era. There was thus, over 
the continent, water as well as dry land to receive the gravel and 


sand thrown down, and water also along the sea-border. The 
melting would have gone forward with increasing haste as the 
thickness of the ice lessened ; and all the streams would thereby 
have become flooded far beyond modern experience, and conse- 
quently the work of transportation and deposition would have 
been vastly accelerated. 

VIL The conditions attending the melting of the glacier 
being such as have been just specified, the earth and stones that 
fell over the dry parts of the surface would have been unstrat- 
ified ; while the part which fell into moving waters should have 
varied in the degree of stratification received according to the 
depth of the waters, and their rate of flow, and also according 
to the kind of material thrown in and the rate of its supply. 
If the earth fell in too great quantities for the waters to work 
over and arrange, there would have been produced only im- 
perfect stratification, or none at all beyond a levelling off at 
top ; while, with a more gradual supply, or a fuller flow of waters, 
the stratification would have been regular and general. Very 
rapid currents would have made layers in the formation that 
were obliquely laminated, the hurrying waters pushing up the 
sands before them as deposition went on ; and where the supply 
of earthy material from the unlading glacier was very large and 
the waters abundant, the obliquely laminated layers thus made 
ought to have been a foot or more in thickness; for each such 
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layer is necessarily the result of a single onward rush of the 
waters. Where plunging waves accompanied the rapid flow, 
the resulting layers would have been composed of wave-like 
parts, each independently laminated.* In quiet waters, the 
deposits should have been of all degrees of fineness and regu- 
larity down to those of clay. 

The older terraced alluvium or stratified drift of the valleys 
of New England presents in its various parts all the different 
kinds of deposits here described. The material is generally 
stratified. Much of the alluvium over the interior has at inter- 
vals beds that are obliquely laminated ; but this characteristic 
is most common toward the coast. The terraces of an estuary, 
like that of New Haven, are only the terminations of those of 
the river valleys which open into the region about the estuary; 
and the latter are identical in character with those over all New 
England, and part of one and the same system. 

VIIL The depositions along the valleys and estuaries con- 
tinued to increase in extent, long after the melting of the 

lacier was ended, through contributions from the unstratified 
drift which lay loose in immense quantities over the hills; and 
afterward, during the rest of the Champlain era, it went forward 
more slowly, from the ordinary operation of fluviatile, lacustrine 
and marine waters. 

IX. The facts afford the following argument in favor of 
some of the views above stated. 

(1) The prevalent stratification of the old terraced alluvium 
over New England is evidence of its sedimentary origin. (2) 
From the vast width of many of these alluvial regions, we 
infer an extraordinary flow of waters over the country. (3) 
The great thickness of the deposits, rising in some places, for 
long distances, to two hundred feet or more above the river, 
and no doubt originally filling the valley to the level of the 
upper terrace; and still more, the frequent occurrence of thick 
obliquely-laminated layers—one such in the New Haven region, 
reaching the extraordinary thickness of eight feet,—are indica- 
tions of a very rapid and abundant supply of sand and gravel; 
and the beds of coarse stones, often intermingled, tell of currents 
of immense power, or of sudden falls from the floating or over- 
hanging ice. (4) As the vast flow of waters and the vast flow 
of sand and gravel were concurrent events, and since the era 
of deposition immediately followed that of the. great glacier, it 
seems to be a most natural inference that the final melting of 
the glacier set free both the water and the stones and earth. 

* Several of these points are illustrated in my Memoir on the Geology of the New 
Haven region. Layers of this composite kind characterize much of the “ Orange 
Sand ” in northern Mississippi, as represented by Prof. Hilgard in his Geological 
Report on that State, who has shown that this formation is in all probability only 
stratified drift. ; 
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(5) The extent of the floods throughout New England, as 
proved by the extent and character of the deposits, also in- 
dicates that the melting of the glacier did not occur only at 
the southern margin, so creeping slowly northward, but simul- 
taneously over its wide extended surface ; and if so, the melt- 
ing of the glacier must have been due to a general decided 
amelioration of the continental climate, as above stated. 

X. About the head of New Haven bay the terrace-plain 
has a height of from 40 to 50 feet above the sea. It is ever 
where stratified, and the beds are generally obliquely cudentad 
The lamin of the obliquely laminated layers dip southward, 
that is, rise to the northward, and thus show that they were 
deposited under the action of currents from the south, those of 
the incoming tidal waves. But at the entrance of the river 
valleys or where the river valleys merge into the region of the 
New Haven plain, at a level about 20 feet from the top of 
the deposits, (and 20 to 25 above the present sea level,) there is 
an abrupt change in the direction of the oblique lamination, the 
layers above this level rising to the south instead of to the north. 
Here is proof that a river flood had then set in that controlled 
the depositions in spite of the force of the incoming tidal currents. 
That the waters of this flood came loaded with sand and gravel 
in enormous quantities is indicated by the thickness of the 
obliquely laminated layers; that there were plunging waves in 
the estuary connected with both the incoming tide and the flood, 
is made manifest by the composite character of these layers. 

XI. In the Glacial era, the land over the higher latitudes 
probably stood above its present level. 

The occurrence of fiords, both in the northern and southern 
hemispheres, in the Glacial latitudes, is favorable to this view, as 
I have elsewhere stated. For they show at least that during 
their formation the land in these latitudes was elevated above 
the present water level, when more to the south it was not so ; 
and, therefore, that the cause of the change of level was not 
one affecting alike the whole globe. But these fiords may 
have been begun long before the Glacial era, in earlier periods 
of elevation. No Cretaceous or Tertiary deposits occur along 
the American coast north of Cape Cod, while they are present to 
the south and thicken southward. This fact is evidence that 
in those eras the continent,to the north was higher than now, 
and the part to the south lower. It also suggests that these 
fiords may then have been forming. It is possible that they 
were then finished; but the condition of level in the later 
Tertiary being as above stated, when land and mountains were 
in progress of elevation over the globe and the cooling of the 
earth’s climates was consequently going on, it is no forced sup- 
position that it continued so to be through the following era in 
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which the cooling reached its maximum; and probable also 
that there was some increase of difference between the level of 
the north and south corresponding somewhat with the increase 
of cold. 

XII. The scratches of eastern Canada, of the high land of 
northern New England, and of eastern and western New York 
and northwestern Canada, point to a part of the Canada water- 
shed between the St. Lawrence and Hudson bay as the head of 
the glacier that moved southeastwardly over New England.* 
The large valley of the river St. Lawrence, over 800 miles wide 
between the watersheds on either side, and trending east of 
northeastward, afforded no discharge for the ice; and this is 
proof that the summit-surface of the glacier about the mouth 
of this river, or over the St. Lawrence bay, was somewhat 
higher than over the watershed to the west. 

In order that the glacier ice should have flowed over the 
whole line of the barrier or watershed bounding the St. Law- 
rence valley on the south, the level of the ice over the Canada 
watershed must have been the higher; and so also that in the 
St. Lawrence valley, for the first result of the movement would 
have been to raise the level of the valley ice to that of 
the barrier in front, the law of flow being, according to the 
generally accepted view, much like that of a ‘stiffly viscous fluid. 
But that the glacier should have abraded the White Mountain 
slopes 5200 feet above the sea level, and carried boulders up 
the north slope of Mt. Washington to 5800 feet, the ice should 
have stood in that region about 6000 feet above the sea. The 
swell of the surface from which the White Mountains rise has 
a height, according to Guyot, of about 1000 feet above the sea 
consequently the thickness of the glacier in that part must 
have been at least 5000 feet; and the facts observed do not 
need for explanation greater thickness than this. To the north- 
west, north, and north-northeast of the White Mountains, over 
the plateau about the headwaters of the Connecticut, the gene- 
ral level is about 1500 feet above the sea, which would make 
the upper surface of the glacier, in that region, if it were of 
the same thickness, about 6500 feet. 

But we have the means of arriving at a more certain conclu- 
sion with regard to the last mentioned altitude. The slope of 

* See this Journal, ITI, ii, 324. ’ 

The following courses of scratches in Canada just north of the mountains of 
northern New England, are cited from Logan’ s Report on the Geology of Canada 
for 1863. In Sutton, S. 36° E.; Orford, S. 43° E.; Sherbrooke, 8. 43° E.; in lat. 
47° 44’, long. 69°-69° 12”, S, 49°-64° E; ; near Lake Temiscouata, lat. 47° 35’ to 
39’, and long. 68° 39” to 49’, S. 48°-54° E., with one observation of §. 27° E.; 
on Madawaska river, lat. 47° 22’, long. 68° 19’, 8 S. 60° E.; at Trois Pistoles, near 
the St. Lawrence, lat. 48° 7’, long. 69° 8’, S. 32° E These courses are cited here, 


not to prove the convergence alluded to, but to show that the system of movement 
was the same north of the high northern New England border as south of it. 
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the upper surface of the glacier from the northern borders of 
New England southeastward in the line of flow would have 
been, according to the laws of fluids, very nearly uniform; and 
its average amount would have pr on the distance of the 
terminal margin in the ocean. The distance from the White 
Mountains southeastward to the coast of Maine, near Portland, 
and south of it, is about 80 miles. Supposing the glacier to 
have extended out 50 miles to sea, making the whole length 
130 miles, and to have faced the ocean with a cliff 500 feet 
high, the rate of slope from the level at the White Mts. 6000 
feet, would have been 42 feet a mile (or 1 foot in 126). If it 
extended on 150 miles to sea, to the range of shallow water 
between Cape Cod and the banks lying just east of Nova Sco- 
tia, as is more probable, the inclination at the surface would 
have been 24 feet a mile (or 1 foot in 220). Taking the latter 
as the slope, and extending it back from the White Mountans 
to the northern border of New England, or the southern margin 
of the great St. Lawrence basin, a distance of about 80 miles, we 
find for the level over this border region about 8000 feet, or 
2000 feet above that of the White Mountains. 

The region between this northern border of New England 
and the Canada watershed was literally a great basin w ith the 
southern margin the higher. The actual height of the ice over 
this watershed required to cause a flow across it into New Eng- 
land, and to produce at the same time abrasion at bottom, we 
have no means of calculating. The slope of the nearly even 
upper surface across could hardly have been less on au aver- 
age than 10 feet a mile; and, as the distance is 500 miles, this 
slope would give for the height of the surface of the clacier 
over the watershed 13,000 feet. This slope over the St. Law- 
rence valley would have gradually fallen off into that of the 
New Sualond part of the glacier. 

The average height of the watershed is about 1,500 feet; and 
this gives 11,500 feet for the thickness of the ice on its sum- 
mit. But the mean height of the mass is certainly 500 feet 
less, and hence the average thickness of the ice to the north 
was not less than 12,000 feet; while over the plateau on the 
northern borders of New England it was about 6,500 feet; in 
the region of the White Mountains, 5,000 feet; along the sea- 
shore south of Portland, 4,100 feet, the whole height there being 
of ice; at the terminal cliffs, 500 feet above the sea level, with 
the under surface of the glacier resting on the sea bottom. 

It should be here stated that the accumulation of ice to the 
height mentioned on the Canada watershed supposes that there 
was no movement northward toward or over Hudson Bay. If 
there were such a movement, the region of greatest height might 
have been to the southward of the watershed (the freest dis- 
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charge being still to the south) over the St. Lawrence valley. 
But as already mentioned, the scratches over the region from 
western New York and Lake Huron to eastern Canada and 
Maine point toward the watershed as the head of the flow; and 
hence, there was apparently no discharge northward into Hud- 
son Bay, and moreover the ice must have stood high above 
this region of depression. It is possible that the greatest height 
of the glacier was a little to the north of the summit of the 
watershed ; but more probable that the small advantage which 
the region of the watershed had from its elevation, and from its 
contrast in this respect with the Hudson Bay depression, was 
retained throughout. 

Now while the thickness of the ice thus increased to the 
northward and northwestward, the amount of precipitated mois- 
ture must have decreased in that direction. The rates of pre- 
cipitation for different latitudes going northward was probably 
nearly the same as now in our winiers. In summer the greatest 
amount of precipitation in New England occurs over the higher 
lands of its northern half, and the amount over Canada is but 
a fifth less) But in winter the region of greatest precipita- 
tion is within 30 to 50 miles of the coast. Moreover, the 
amount decreases rapidly in going northward or northwestward, 
the ratio for (1) the coast region of New England, (2) northern 
New England, and (8) the main part of the St. Lawrence valley 
with the Canada watershed, being 4: 3: 2.* Thus the low 
coast slopes take the moisture in winter, not the higher 
mountains of the interior. This accords with the general 
principle, that the winds lose their moisture mostly over 
the first cold lands they meet. Under this principle, the 
main divergence in the Glacial era from existing hygrometric 
conditions in the winter, would have been that the region of 
most abundant precipitation was situated a little farther south 
than now, and the amount of diminution—not the ratio— 

* From the excellent rain charts of C. A. Schott recently published (Tables and 
Results of the Precipitation in Rain and Snow in the United States, collected by 
the Smithsonian Institution, and discussed under the direction of Joseph Henry, 
Secretary; No. 222 of the Smithsonian Contributions, May, 1872), we learn that in 
winter, over the sea-border region of New England, 30 to 50 miles wide, the 
amount of rain and snow is 10 inches or more, to 12 inches, two large areas of 12 
inches occurring on the southern border and others along the northeastern. Over 
the northern border of New England the amount is with a small exception (a nar- 
row loop running up to Montreal) less than 8. The chart contains no line north 
of that of the 8-inch line, and hence does not enable us to deduce the true mean 
for the region. Taking it at 74 inches, and that of the sea-border region at 10, 
the ratio is 3 to 4; the latter would have to be 11} instead of 10, to give the ratio 
2 to 3. 

Blodget’s rain charts give 5 inches as the average for a large part of the St. 
Lawrence valley. The amount for the Canada watershed would be the same, or 
less, since, as New England shows, there is no increase northward even if there is 
increase of elevation. The ratio used above supposes 5 inches to be the mean for 
the whole. 
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northward would have been greater, even if the surface increased 
in elevation in going north in New England. We shall not 
therefore be led into any great error, if we take the ratio of 
precipitation during our winters as a basis for deductions re- 
specting the Glacial era. 

We have made the thickness of the ice in the region of the 
watershed 12,000 feet, and that over the northern border of New 
England 6,500 feet. But, following the rate of winter precipi- 
tation, 2 to 3, the latter should have been not 6,500 but 18.000 
feet. The loss here indicated must have depended partly on 
an increased rate of flow over New England. In changing the 
surface slope from 10 to 24 feet a mile, the rate of flow would 
have been at least doubled ; and this alone would have reduced 
the 18,000 feet to 9,000. Again, the more southern latitudes 
would have had a greater amount of evaporation and melting, 
and it is possible that thus the rest of the excess—2500 feet— 
was removed. If the loss from the last-mentioned source were 
in the Canada region one-eighth and in northern New England 
a little over a fourth, the above difference would have resulted. 
Thus the contrast in the elevation of the glacier surface over 
the two regions may have existed without supposing the land 
of the watershed above its present level. 

The glacier probably extended in a southward direction at 
least 60 miles south of Long Island, where the depth of water 
is not over 250 feet; and perhaps 80 miles beyond where the 
depth is 600 feet, and then falls off abruptly.* The height of 
the upper surface of the glacier along the Connecticut valley 
may be thus made the subject of calculations. The line of 
6,000 feet elevation (which should have run at right angles to 
the direction of flow, except so far as temperature was a cause 
of divergence) passing Mount Washington, probably crossed the 
Connecticut in the region of Lyme or Hanover, N. H. The 
distance from this region to the limit 90 miles south of Long 
Island is about 310 miles; whence the mean slope of the upper 
surface of the glacier down the Connecticut valley should have 
been about 19 feet a mile. 

With this grade (supposing it a straight grade, which it would 
not have been throughout, as the flow of the general mass was 
southeastward) we should have for the height in the region of 
Northampton and Mount Tom, 4,100 feet above the sea; of 


Springfield, 3,800; of Hartford, 3,400; of Meriden, 3,000; of 
ew Haven, 2,750; of central Long Island, 2,100 feet. The 
height of the terminal cliff 90 miles south of Long Island is 
here supposed to have been 200 feet. 
The height of the upper surface of the ice over the central 
part of Connecticut probably averaged 3,250 feet, which would 


* See Author’s Manual of Geology, page 441. 
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give about 2,700 feet for the mean thickness of the ice. But 
the rate of precipitation over the northern border of New 
England being to that of Connecticut as 3 to 4, the thick- 
ness of the ice over the latter, considering this condition alone, 
should have been 8,700 feet instead of 2,700: there was thence 
a loss of more than two-thirds of all the snow, which loss we can 
attribute only to melting and evaporation. If the waste from 
this cause over the northern border of New England was one- 
fourth of the whole precipitation, that in southern Connecticut 
would have been over three-fourths; just three-fourths, if the 
ice-cliff were assumed to be 500 instead of 200 feet. 

Whatever doubt exists with regard to the height attributed to 
the glacier about Mt. Washington also attaches more or less to 
the preceding calculations. But, to sustain our conclusion, we 
have now, in addition to the facts there observed, evidence that 
all the requisites of the Glacial era for the region from the At- 
lantic shoa!s to the Canadian watershed are satisfied by it. 
This is reason for believing that the error connected with the 
deduced height of 6,000 feet cannot be large. Moreover the 
Gulf Stream washes the margins of the banks in which the 
glacier has been supposed to have terminated, and would have 
determined a limit in height as well as length. 

The evidence of a large amount of melting in southern New 
England proves that there was also much in northern, and 
therefore that the increase in the rate of flow of the glacier, after 
passing from Canada into New England, could not have been 
great enough to account for all the loss of thickness in the ice. 
If the ice lost was more than could be reasonably attributed to 
the temperature and rate of flow, as may have been if the 
slope from the Canada watershed was greater than our estimate, 
we should then have proof that the height of the surface of ice 
over the watershed was partly due to an elevation of the land. 

The greater amount of precipitation over the vicinity of St. 
Lawrence Bay than over the watershed to the west, and also 
the higher latitude, account for the greater height of the ice in 
that region referred to on page 204. 

XIII. Evidence that this era of probably high elevation (the 
Glacial) was followed by one in which the land stood below its 

resent level, is afforded by the height of sea-border terraces and 

eaches around New England and on the St. Lawrence, their 
height being nearly 50 feet on Long Island Sound, and 500 feet 
in the vicinity of Montreal, on the St. Lawrence ; in the height, 
equally, of the upper terrace-plain along the rivers and lakes; 
and: in the additional fact, that the old alluvium beneath this 
plain was a direct result, as above stated, of the deposition by 
the rivers of material afforded by the melting glacier. The 
greater height of the river and lake terraces as we go north, 
and also of sea beaches, indicates that the depression increased 
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to the northward. ‘The special facts on this point need not be 
here repeated. 

XIV. The sinking of the water level in the ocean over the 
world during the Glacial era by the loss of water to make ice 
cannot be estimated, because we know very little of the amount 
of ice. Hygrometric laws, alluded to on page 206, appear to in- 
dicate that the amount of ice did not increase to the northward 
over the interior of the continent. The southern line of the 
glacier which was near the parallel of 39° along the Ohio region 
must have made a very long bend northward between the 
meridians of 98° W. and 108° W. ‘The marks of the incoming 
tide in deposits of the New Haven region, above mentioned, and 
in the overlying beds of the river floods that supervened, appear 
to show, in connection with the present height of the deposits, 
that during the closing part of the melting of the glacier, in the 
early part of the Champlain era, the water-level along the coast 
was not far from forty-five feet above the present line, instead 
of below tt. 

XV. There are no true Jateral moraines of the Glacial era in 
New England. For the glacier was nota valley glacier, but 
one of continental character, although far from covering the 
whole continent. The ice moving over a rocky hill or ledge, 
where were detached blocks, and where others were becoming 
loosened with the passing centuries, would have gathered up 
the material from time to time, and afterward have dropped it 
at intervals, or at the final melting; and so would have made 
long trains of boulders, ranging over hill and valley, according 
to the direction of movement of the enclosing ice ;—sometimes 
narrow lines, like the famous trains in Berkshire, first made 
known by Dr. Stephen Reed; generally broader, less-defined 
bands. The unstratified drift is actually made up mainly of 
such trains. But, commonly, the different trains are blended 
together, and are traceable only with difficulty ; while, at times, 
they make a straight line to the ledge from which they were 
derived. These trains are properly moraines, but they are 
under-glacier moraines, not lateral. If lateral moraines were 
made during the early stages of progress of the great glacier, 
they must have been obliterated by its later general movement 
and abrasion. 

The valleys of New England have throughout a high terrace 
along their sides; but the material is very generally stratified, 
and therefore is the result of deposition from waters that once 
flooded the valleys. They are, in fact, as has been explained, 
the upper part of the Champlain formation. The decline of 
the glacier in the opening part of the Champlain era, must have 
offered in some places the necessary conditions for moraines ; 
and such have been announced as occurring in the White Moun- 
tains bv Dr. A. S. Packard and also by Prof. Agassiz. But 
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for some cause—probably, (1) the melting taking place over the 
surface at large, instead of along the southern edge chiefly, and 
(2) the diminished slope of the surface (due to the fact that the 
subsidence of the crust which introduced the Champlain era 
increased in amount to the northward), the two causes dimin- 
ishing, if not stopping, over large regions, the movement of the 
ice—none were left over the general surface, or even along the 
larger valleys. 

XVI. No distinct terminal moraines of the Glacial era have 
been observed in New England. The great glacier terminated 
in the ocean on the east, southeast and south ; and it may be 
added that during its decline, in the Champlain era, the melt- 
ing appears to have gone forward over too vast an extent of 
surface for the formation of proper terminal moraines. Having 
a thickness on the border of 2,600 feet, it must have filled 
Long Island Sound as a consequence of its weight, even if the 
Sound—but 150 to 250 feet deep and 15 to 20 miles wide,— 
had not been partly obliterated by a change in the water-level ; 
and thence it stretched on over the island (which is about 15 
miles wide) to the ocean. Ifthe land of Long Island were but 
120 feet higher above the water-level than now, the southern 
coast would have been 20 miles outside of the present line; 
and, whether so or not, the glacier, if 2,100 feet thick over the 
island, probably lay on the sea bottom for ninety miles out, as 
already remarked. The shallowness of these waters is prob- 
ably due partly to deposits from the glacier; and also that of 
the waters between Cape Cod and Nova Scotia, where the part 
of the glacier over Maine is supposed to have terminated. 

The universal covering of drift over Long Island, holding great 
numbers of boulders from New England and New York, many 
of enormous size, suggests the idea of a terminal moraine de- 
posit. But whether the drift was dropped mostly from the 
under side of the glacier as it melted, or from its melting 
southern edge, is open to question. The latter seems most 
‘ probable.* In either case the deposition of the drift or the 
island was probably the work, not of the Glacial era, but of the 
early Champlain era or that of the melting :—certainly so, if 
the glacier over the island in the Glacial era had the thickness 
above supposed. 

As already stated, whatever there may be of local moraines 
in the White Mountains belongs to the period of melting, and 
therefore to the opening part of the Champlain era. 

XVII The Champlaint era, as the term has been used by me, 

* The writer’s investigations have not extended to Long Island. Mather in his 
N. Y. Geol. Report (4to, 1843) has an excellent chapter on the drift of Long 
Island, and the distribution of its boulders. 

+ The term Champlain was first applied to deposits of this era on Lake Cham- 


plain by Hitchcock in the Vermont Geological Report. ‘Champlain Division,” 
had been previously used in the Final Reports of the Geological Survey of New York, 
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includes all the time from near the beginning of the melting of the 
glacier, down to that in which these old alluvial or Champlain 
deposits became terraced in consequence of a general rising of 
the land, when what I have called the Terrace or Recent epoch 
began. According to my view, the terraces are not a result of 
depositions in the Terrace era, (as is represented in the Vermont 
Geological Report (4to, 1861)); they are due simply to the 
wearing away of portions of the old Champlain alluvium (which 
once filled the valley across, excepting a river channel) by the 
river, while the elevation of the land above referred to was in 
progress. ‘The depositions of the Terrace era along rivers are 
merely superficial over the Terrace-plains, the thickest being 
those of the lower flats or the great flood-ground of the streams. 

XVIII. If the above views are correct, then, as I have before 
announced, there was, in the Post-tertiary or Quaternary age, 
over the higher latituaes of North America, or large portions 
of them, an upward movement for the Glacial era, a downward 
below the present level, for the Champlain era, and an upward 
again for the Terrace era, with the change in each case great- 
est to the north—that is, to a limit north yet undetermined. But 
such a general system of changes does not preclude the occur- 
rence of minor oscillations up or down, in different regions dur- 
ing each of these eras, or imply that such changes may not be 
now in progress. . 

Nore To PAGE 204,—The fact that the glacier in the St. Law- 
rence valley was higher toward the Bay or above the mouth of 
the river, points to the conclusion that in Lower and part of Up- 
per Canada, the scratches which have the course of the valley must 
have been made by a movement of the ice (of the lower part of the 
glacier) up stream, if made in the Glacial era. And none could 
have been made at any time by a movement down stream, unless, 
owing to an unequal rate of melting (in the opening of the Cham- 
plain era), the height of the glacier became the greatest up stream, 
so that the slope of the upper surface was down stream. 


Art. XXIV.—On some new species of Fossils from the Primordial 
or Potsdam group of Rensselaer county, N. Y. (Lower Potsdam); 
by S. W. Forp. 


Archeocyathus ? Rensseluericus, sp. nov. 
THE only specimen clearly belonging to this species that has 
come under my notice is exceedingly small, being only 0°30 of 


by Mather and Emmons for the whole of the Lower Silurian of New York; but not 
by Vanuxem or Hall. Prof. Hall, in his works, has, like most others, employed the 
name Lower Silurian instead. As there is nothing in my view to be gained from 
restoring to the Lower Silurian the term Champlain, and no likelihood that it will 
ever be so restored, this term is here retained for a division of the Post-tertiary or 
Quaternary. 

Am. JOUR. Vou. V, No 27.—Makcu, 1873. 
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an inch in length, and having a diameter of not more than 016 
of an inch at the larger extremity, when perfect. This speci- 
men is, in appearance, a slender, delicately fluted cone, about 
one-third of which, including the apex, is im- 
bedded in the rock. Of the remainder a 
considerable portion is in a badly damaged 
condition, the outer wall, with the greater 
part of its underlying septa, having been 
partially torn away. Such portion as re- 
mains uninjured, however, is in an excellent 
state of preservation, and shows the leading 
of Rensselaert. features of structure in a very perfect man- 
farger end to the first anno: ner. There remains, notwithstanding, much 
lation, greatly enlarged. + vet to be desired in order to completely char- 
acterize the species; and I have deferred any special notice of 
it hitherto in the hope of being able to obtain other, and _possi- 
bly more perfect, specimens; but failing in this, I have thought 
it advisable to carry the description as far at this time as the 
material at hand will permit. The species may be described 
for the present as follows: 

Elongate, conical, straight, gradually expanding from the 
base upward. Cup moderately large, depth unknown. Outer 
wall thick and strong, inner wall apparently much thinner. 
Radiating septa thin, numerous, not far from forty, judging 
from the number seen, sometimes a little irregular in their spac- 
ing. Dissepiments slender, occasionally absent, at other times 
dividing the interseptal spaces or loculi for a short distance 
into several compartments. Surface faintly annulated and lon- 
gitudinally marked by numerous low, rounded ~idges, with 
shallow intervening furrows, the ridges and furrows of about’ 
equal width. The ridges mark the position of the loculi, while 
the middle of each furrow indicates the place of one of the 
septa. Along each furrow and running its entire length are 
two straight rows of minute, closely arranged, circular pores 
opening into the loculi. The rows of pores of any given fur- 
row are separated from each other by a thin strip or plate of 
the outer wall, corresponding in position and thickness to the 
septa; and it is a singular fact that the pores of either row are 
arranged alternately not only with respect to the other, but also 
with respect to those of the succeeding row in the next nearest 
furrow. The pores all communicate with the interior close to 
the septa where these latter join the outer wall; and as the 
rows of pores along any given furrow lead into distinct though 
adjacent loculi, it follows that all of the loculi were connected 
with the general surface by means of a double set of apertures. 
Whether the inner wall and radiating septa are perforate has 
not yet been made out. Color of the fossil, in gray limestone, 
when a little weathered, light brown. 
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The above are the characters, so far as known, of this inter- 
esting and beautiful species, embracing only such as are dis- 
played by the specimen mentioned at the beginning. These 
characters, taken together, are quite sufficient to distinguish it 
readily from any described species; while in respect to several 
of them, such as its straight form, longitudinally ribbed exterior, 
and remarkable poriferous system, the species appears to me at 
present sufficiently distinct from Archeocyathus to constitute a 
new though closely allied genus. Should a further study of it 
confirm this opinion, 1 propose to call it Archewocyathellus. Until, 
however, more can be said about it, I prefer to class it as above. 

It is not improbable that the specimen upon which the 
description is based may be only the apical portion of a much 
larger and possibly curved specimen. 

Occurs in conglomerate limestone of the Potsdam group at 
Troy; and also, doubtfully, in the condition of casts, in even- 
bedded limestone of the same locality. Collected by the writer. 


Obolella nitida, sp. nov. 


Shell transversely sub-oval, small. Dorsal valve gently but 
irregularly convex, the greatest elevation occurring at a point 
about one-fifth the length of the valve from the apex. From 
this point the beak curves sharply down to the hinge-line which 
it almost touches. The hinge-line itself is slightly curved and 
apparently equal to about one-third the width of the shell. At 
the most elevated point of the valve commences a well-defined 
median depression, which extends forward for a distance of 
about one-half the length of the valve, gradually widening and 
becoming more shallow till it disappears. A portion of the 
dorsal valve close to the margin is sometimes nearly flat all 
around. The internal markings are not well enough shown in 
any of the specimens that I have seen to admit of description. 
The surface is ornamented with very fine concentric strie and 
numerous close-set radiating striz, the whole just visible to the 
unassisted eye. 

The ventral valve is not certainly known. The width of the 
largest dorsal valve that I have seen is 0°14 of an inch and the 
length 0°10 of an inch. 

Occurs in both even-bedded and conglomerate limestone of 
the Potsdam group at Troy. Collected by the writer. 


Scenella retusa, sp. nov. 


Shell small, rather strongly convex, aperture ovate, sides 
curved. Apex obtuse, nearly central. curving down a little tow- 
ard one side. On the side toward which the apex is directed 
there are two faint grooves commencing near the tip of the 
apex and diverging to the margin. On the side opposite there 
is a well-marked carina running from the apex to the margin 
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along the line of the longer axis of the shell. The slope of the 
shell is unequal, being most rapid toward the margin to which 


the apex inclines. The surface is marked , 


by a few fine concentric and radiating lines, a b 
the latter only visible underamagnifier,and 
with obscure imbricating lines of growth. 

Fig. 2.—Scenella retusa; a, 


Length of the largest specimen obtained, side ‘view | 2, upper view. 
0:16 of an inch; height about 0:08 of an 
inch. Occurs in both even-bedded and conglomerate limestone 
of the Potsdam group at Troy, associated with the preceding 
species. Collected by the writer. 

This species is closely related to Scenella reticulata, the only 
hitherto published species of the genus, described by Mr. Bil- 
lings in the Canadian Naturalist for July last from the Mene- 
vian group of Newfoundland. That species is, however, con- 
siderably larger than ours; and is, further, destitute of the 
diverging grooves which exist in S. retusa, and by which this 
latter species may be easily recognized. 


Hypolithes Emmonsi, sp. nov. 


Shell elongate, slender; apex neatly pointed, transverse sec- 
tion sub-triangular. Sides gently rounded and meeting to form 
a tolerably prominent though often scarcely perceptible dorsal 
ridge in the forward part of the shell, which quickly dies down, 
so that a transverse section taken near the apex would be almost 
asemi-circle. Ventral side flattened, with a wide, shallow depres- 
sion along the middle, which runs the whole length of the shell; 
lateral edges rounded up to the sides. The most projecting 


a b 
Fig. 3.—Hyolithes Emmonsi ; a, ventral view of an imperfectly terminated speci- 
men; b, transverse section; c, operculum, enlarged two diameters. 


int of the lateral walls occurs close to the ventral side. When 
the width is 0°24 of an inch the depth is 0°18 of an inch. The 
walls of the shell are thick and appear to be made up in some 
instances of successive layers or laminez. The surface is orna- 
mented with very fine concentric striz, which run directly 
around the shell or at right angles to its longitudinal axis. 
The tubes sometimes attain a length of two inches, even when 
imperfect ; but the majority of the specimens in my possession 
are less than an inch in length. 

The operculum has the same contour as a transverse section 
of the shell taken at about the mid-length, and is, accordingly, 
distinctly emarginate at the middle of the border of the ventral 
limb. The ventral limb itself is in the main flat, or nearly s0, 
and embraces not far from two-thirds of the whole supertices of 
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the operculum. Through the middle of it, beginning at the 
emargination, runs a low, rounded, conical elevation having 
the apex directed toward the dorsal limb and slightly encroach- 
ing upon it. The dorsal limb, unlike the ventral, is highly 
convex, except a narrow space near the margin, which is flat. 
A narrow groove, extending from the apex of the cone just 
mentioned, or nucleus of the operculum, to the margin, occu- 
pies the central portion of this limb, and divides it into two 
equal parts. (A similar division is frequently well shown in the 
opercula of adult specimens of Hyolithes Americanus.) A por- 
tion of the operculum about the nucleus, of a triangular shape, 
is sometimes more elevated than the rest of the surface, and 
appears like a little plate added for strength. The surface is 
covered with fine, thread-like, concentric striz. 

In the slender form of the shell, the direction of the surface 
lines of the same, and the internal thickening already noticed, 
this species approaches closely the structure of a Salterella. 
Especially is this true when the specimens are quite small, as is 
usually the case; and in an earlier communication (this Jour- 
nal for July, 1871), published prior to the discovery of speci- 
mens of its operculum, the species was referred by me to that 
genus. It may be readily distinguished from either of the 
species of Hyolithes found with it by the direction of the surface 
lines of the shell and its distinctly hollowed ventral side. 

Dedicated to the late Dr. Ebenezer Emmons, the eminent 
author of the ‘Taconic System.” 

This species occurs in both conglomerate and even-bedded 
limestone of the Potsdam group at Troy, associated with H. 
Americanus, H. impar and Hyolithellus micans. It is not an 
abundant species, neither can it be considered as of rare occur- 
rence. Inasmall specimen of the shell in my collection a 
transverse fracture shows a buckler of Agnostus? lobutus lying 


within the tube. 
Dec. 3d, 1872. 


Art. XXV.—Discovery of a new Planet; by Dr. C. H. F. 
Peters. (Letter to one of the editors dated Litchfield Ob- 
servatory of Hamilton College, Clinton, N. Y., Feb. 7, 1873.) 


A PLANET, supposed to be new, was found by me night 
before last, and has been observed as follows: 
; Ham.Coll.m.t. App. @ (129) App. 6 (129) 
1873, Feb. 5, 15" 21" 53° 9" 16" 32°94 +15° 31’ 
6,11 34 52 915 49°97 +15 38 24°1 
hence showing a motion in 24 hours of —51” in right ascension 
and of +7’39” in declination. The magnitude is 9% (on Arge- 
lander’s scale). 
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I. CHEMISTRY AND PHysICcS. 


1. Improved Filter-pump.—Prof. T. E. Tuorre has devised an 
improved form of Jogno’s modification of the filter-pump, which 
possesses some advantages over the ordinary form. It consists of 
a vertical tube A about one meter in length and from 8 to 10 milli- 
meters in diameter, having inserted perpendicularly into it, a short 
distance below the upper end, a side tube B, about 5 centimeters 
long. The upper end of A, which is cut off obliquely, is connected 
by means of a strong but sufficiently elastic rubber tube with the 
stopcock regulating the water-supply. In the original form of the 
apparatus the end of the side-tube was narrowed somewhat, so 
that when the end of the rubber tube from the flask to be evacu- 
ated was pushed into it, an air-tight joint was formed. The end 
of the rubber tube within B was closed with a small piece of glass 
rod, and a short longitudinal slit cut through the tube with a chisel, 
forming a Bunsen valve, which opened to allow the air to pass from 
the flask, but prevented its return. As the elasticity of this valve 
diminished after long use, impairing its efficiency, Prof. Thorpe 
has devised another form of valve in which the evil is remedied. 
A hollow metal cone is soldered into the tube B near its junction 
with A, the point of the cone being turned toward the outer end 
of B. Near its apex the cone is pierced with a number of small 
holes, and within it is placed a filter-shaped piece of unvulcanized 
sheet rubber, which is fastened by a screw to the apex of the cone. 
By its elasticity the india-rubber sheet presses firmly against the 
sides of the cone and effectually prevents the entrance of air or 
water from A, but readily yields to the pressure of the air from the 
flask. A manometer tube inserted into B beyond the valve indi- 
cates the degree of the exhaustion. When water is admitted the 
elastic tube pulsates, alternately closing and opening the upper 
end of A, and the rapidity of the pulsations is regulated by a mova- 
ble arm capable of being clamped in any desired position, so that 
the direction of the supply-tube can be changed at will. 

The action is similar to that of the hydraulic ram, and the appar- 
atus, unlike the earlier form, requires only a sufficient head of 
water, and no fall beyond that in the tube A, from the lower end 
of which it simply flows away to the waste pipe. As the whole 
apparatus can be mounted on a stand about three feet in height, 
and can be attached to any stopcock in the service-pipe, its advan- 
tages over the ordinary filter-pump in the matter of convenience 
and portability are obvious.—PAil. Mag., Oct. 1872, p. 249. 

A, W. W. 

2. Photographic reproduction of Diffraction-gratings.—Experi- 
ments made by Hon. J. W. Strutt, some months since, with a view 
to the production of photographie copies of diffraction-gratings 
ruled upon glass, have given interesting and valuable results, 
of which he gave an account in a communication read before the 
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Royal Society, June 20, 1872. The account is republished in the 
Phil. Mag. for Nov., 1872. The ruled plates were laid upon glass 
plates sensitized in the usual manner, and the prints were made in 
the same manner as from ordinary negatives. Both wet and dry 
sensitive plates were used, with but little difference in the results. 
The photographic gratings gave brilliant spectra, and were but 
little inferior to those ruled upon glass. In the course of the ex- 
periments, trial was made of plates covered with a film of bichro- 
matized gelatine. The gratings thus made possessed a high degree 
of transparency, and were found to be better than the ordinary 
photographs; and although there was some uncertainty attending 
their production, the best obtained appeared to be even superior 
to the originals on glass. They give very brilliant spectra, and 
the definition of the lines is surprisingly good. They can be used 
very conveniently in an ordinary spectroscope, by putting them in 
the place of the prism. Gratings having 6000 lines to the inch are now 
successfully made, and as their cost is trifling compared with that 
of the ruled ones, they will be much more accessible to experimen- 
ters. As the thickness of the glass upon which they are mounted 
is small, the absorption of the rays is very slight, and they offer 
considerable advantages in researches upon radiant heat, as they 
may replace to a large extent the costly and inconvenient prisms 
of rock-salt. A, W. W. 


Il. aNpD NATURAL 


1, Additional note on the Glacial era in New England, by J. 
D. Dana.—The following is a point of interest, although we can 
treat it only with indefinite suppositions.—If the thickness of the 
glacier over the New England border was, as has been deduced, 
6500 feet (the height of the upper surface being 8000 feet above 
the sea level), and the precipitation equal to producing 36 inches 
in thickness in a year, supposing no loss it would take 2,170 years 
for the 6,500 feet of ice to have accumulated. A loss of one-half 
by evaporation would have doubled the length of time; of nine- 
tenths, would have made it 21,700 years. ‘There would also have 
been a loss, after a while, from the flow of the glacier; but if the 
flow was only one foot a week (the estimate on page 199), this cause 
would have taken off less than a twelfth of the annual addition of 
36 inches, 

Again, the thickness of 6500 feet being acquired, the precipita- 
tion would have continued, though probably with some diminution 
—a diminution that had been gradually introduced. Taking the 
amount at 24 inches, and the loss from the movement of the glacier 
two to two and a half inches, there would have been required a 
further loss of about nine-tenths of the whole by evaporation and 
melting to have kept the top of the glacier at a nearly uniform level. 
The amount of loss from evaporation and melting was undoubt- 
edly far greater than has been estimated on page 207; for that 
from evaporation is large even in the Arctic; and both sources 
of waste may in some years have carried off all the snows that 
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fell. But did this waste ordinarily amount on the northern border 
of New England to nine-tenths of the whole precipitation? Or, 
was the rate of motion greater than one foot a week? Or, did 
the glacier continue to increase in thickness beyond 6,500 feet in 
that region? Ifthe average thickness over the White Mountain 
region can be definitely proved, the last of these queries will have 
been answered (as is obvious from page 205), and the doubts would 
be confined to the other two suppositions. If observations in the 
Arctic shall furnish something definite as to the probable loss by 
evaporation, this would still further diminish the doubts. 

It may be that the diminution in the rate of precipitation conse- 
quent on the extension of the glacier southward (on the principle 
mentioned on page 206) was the chief means in fixing an ultimate 
limit to the thickness of the glacier. 

2. On Trains of boulders, and on the transport of boulders to 
a level above that of their source ; by Dr. SterHEeN ReExp. (Com- 
municated.)—I have called attention frequently, in various ways, 
to trains of boulders extending from a bill in Canaan, Columbia 
Co., N. Y., across Richmond, Lenox and Lee, Mass.* Two of these 
trains are very distinctly marked—the north one emphatical y so. 
They have been often visited by geologists, and several theories 
published. I have been aware, for several years, that a train some 
two miles south of these was well marked for half a mile on the 
east side of the hill—locally called Dean’s Hill—between Canaan 
and Richmond; but a convenient time to trace it to its source 
was not found until the last season. 

Leaving the cars—Boston and Albany—at “ Edwards ” station, 
and passing up the valley leading to New Lebanon Springs, 
I found, a little north of the Baptist chapel, a few well marked 
blocks. I took their back track to the hill west of the valley and 
soon found a very limited outcrop of the rock in question. I 
passed on at the foot of the hill, through an open field, perhaps 
eighty rods, without seeing a specimen, then found another line of 
blocks. I followed this into the woods and soon found another 
outcropping. Both of these were small in extent, situated low 
on the slope of the hill, and had sent but few blocks across the 
valley to ‘the eastern hill. Continuing northward, a half mile of 
rough walking placed me in a wilderness of boulders, generally 
from five to twenty feet in diameter, some much larger. No out- 
cropping rock was in sight. The boulders extended, as far as the 
woods would permit me to see, east and west. Following my 
army of venerable guides, I went west nearly to the top of the hill 
before any rock, in place, appeared. At last I stood on the bare 
ledge—the object of my pursuit. Although I had no doubts of 
success from the first, yet it was not without emotion that I 
followed, by the laggards they left behind, the path of these 
travelers across the valley and up the long ascent of the eastern 
hill, until they mingled with my old acquaintances on its summit. 

* An early account of these trains of boulders, as observed by Dr. Reed, is given 
in Hitchcock’s Geological Report of Massachusetts, and the latest in Lyell’s An- 
tiquity of Man, chapter xviii. 
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The train is generally not more than twenty rods wide, and is well 
marked from the Richmond valley, over the hill, across the Canaan 
valley and up the Canaan hill, to its source. This is somewhat 
less than a mile south of the outlet of “ Whiting’s Pond.” It 
crosses the crest of the Richmond hill nearly west of the Rich- 
mond railroad station. The compass course is 8S. 35°-45° E. 

I was interested to find in this train a corroboration of a state- 
ment I made some thirty years since, that the blocks were de- 
cidedly larger and more numerous on the eastern than on the 
western declivities of the hills. A section of forty and I think 
of even twenty rods, on the east side of either the Richmond or 
the Canaan hill, will give larger blocks and more in number than 
a mile of the western slope of Richmond hill. 

This fact has a direct bearing on the mode of transportation, 
and, like another well known, viz: that the grinding and grooving 
were chiefly on the north and west sides, it points to glaciers as 
the agent. 

Another proof of the same power is found in the elevation of 

boulders above their source. In Canaan, Ct., near the Housatonic 
river, is a low ridge of a peculiar rock, a mixture of lime, quartz 
and tremolite—masses of which have been carried to the Goshen 
hills, and scattered widely over that town. I measured a block 
forty feet in length and almost that in breadth, and ten or 
twelve high, lying on some of the highest land in Goshen, Ivy 
mountain excepted, and I am told there are others much larger. 
In the early period of this town’s history it is said that a lime- 
kiln was built near one of these boulders of Canaan rock, and 
from it the inhabitants supplied themselves with lime for several 
—_ leaving a huge rock which yet remains. Now these blocks 
ie many hundred—lI think a thousand—feet above any part of the 
ridge which gave them birth. This is a common feature in these 
regions of drift action. Water, unconfined, does not curry 
its burden much above its own level, while glacier ice does. 

Pittsfield, Jan., 1873. 

[These very important facts respecting the ascent of boulders 
up high hills 4 the help of the glacier are of the same kind with 
others on Mt. Katahdin in Maine, where, according to different ob- 
servers, boulders of fossiliferous Devonian rocks occur over the 
upper slopes. Mr. J. DeLaski states (this Journ., III, iii, 27) that 
these fossils occur at a height of 4385 feet above the sea (which is 
within a thousand feet of the summit) on the south side of this 
isolated mountain, and 3,000 feet above the low region—fifteen to 
thirty-five miles distant to the north—from which the fossils were 
derived. J. D. D.] 

3. Results of the Earth’s Contraction; by R. Matixt, Esq.— 
[The following is an extract from the introductory chapter of the 
work noticed on page 140 (pp. 65 to 75).—Eps. ] 

If the cubic mile that we have thus supposed cut out of the 
earth’s crust at the surface were of the hardest known granite or 
porphyry, it would be exposed to a crushing tangential pressure 
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[as a result of contraction from cooling] equal to between 400 and 
500 times what it could withstand, and so must crush, even 
though only left unsupported by the nucleus beneath, to the 
extent of 71,5 or 44,5 of its entire weight. And what is true here 
of a mile taken at the surface, is true (neglecting some minute cor- 
rections for difference in the co-efficient of gravity, ete.) if taken 
at any other depth within the thick crust.* 

The crust of our earth, then, as it now is, must crush, to follow 
down after the shrinking ‘nucleus—if so be that the globe be still 
cooling, and constituted as it is; even to the limited extent to 
which we know anything of its nature—it must crush unequally, 
both regarded superficially and as to depth; generally the crush- 
ing lines being confined to the planes or places of greatest weak- 
ness; and the: crushing will not be absolutely constant and uni- 
form anywhere, or at any time, or at any of those places of weak- 
ness to which it will be principally confined, but will be more or 
less irregular, quasi-periodic, or paroxysmal: as is, indeed, the way 
in which all known material substances (more or less rigid) give 
way to a slow and constantly increasing, steady pressure. 

We have now to ask, How much of this crushing is going on at 
present year by ye ear? And the answer to this depends upon 
what amount of heat our world is losing into space year by year. 

Geologists who have taken on trust the statement, that La 
Place has proved that the world has lost no sensible amount of 
heat for the last 10,000 years seem generally to suppose that to be 
a fact; but in reality La Place has proved nothing of the sort, as 
those geological teachers who have echoed the conclusion should 
have known, had they deciphered the mathematical argument 
upon which it has been supposed to rest. 

By application of Fourier’s theorem (or definition) to the 
observed rate of increment of heat in descending from the geother- 
mal couche of invariable temperature, and the co-efficients of con- 
ductivity of the rocks of our earth’s crust, as given by the long- 
continued observations made beneath the Observatories of Paris 
and of Edinburgh, it results that the annual loss of heat into space 
of our globe. at pr esent is equal to that which would liquefy into 
water, at 32° Fahr., about 777 cubic miles of ice; and this is the 
measuring unit for the oman of contraction of our globe now 
going on. The figures are not probably exact, for the data are 
not on a basis sufficiently full or exactly established as yet; but 
they are not very widely wrong, and their precise exactness is not 
material here. Now, how is this annual loss of heat (great or 


* The Rev. O. Fisher, M.A., F.G.S., in a most interesting and valuable paper, 
“‘On the Elevation of Mountain Chains by Lateral Pressure, its Cause, and the 
Amount of it, with a Speculation on the Origin of Volcanic ‘Action, ” read, April, 
1868, and published i in the Transactions of the Cambridge Philosophical Society, 
vol. xi, Part III, in 1869, has deduced the necessary crushing of the earth’s crust 
by a different but closely analogous method. I had not seen this paper until after 
my own was in the hands of the Royal Society. The author’s volcanic views are 
wholly different from my own, and do not appear to me equally valid with his 
notions as to elevation.—R. M. 
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small, as we may please to view it) from the interior of our globe 
disposed of? 

What does it do in the interior? We have already seen that it 
is primarily disposed of by conversion into work; into the work 
of diminishing the earth’s volume as a whole, and in so doing 
crushing portions of the solid surrounding shell. 

But does the transformation of lost heat into the work of verti- 
cal descent, and of the crush as it follows down after the shrinking 
nucleus, end the cycle? No. A very large portion of the me- 
chanical work thus produced, and resolved, as we have seen, into 
tangential crushing pressure, is retransformed into heat again in 
the very act of crushing the solid material of the shell. if we see 
a cartload of granite paving-stones shot out in the dark, we see 
fire and light produced by their collision; if we rub two pieces of 
quartz together, and crush thus their surfaces against each other, 
we find we heat the pieces and evolve light. 

The machinery used for crushing by steam-power hard rocks 
into road metal, gets so hot that the surfaces cannot be touched. 

These are familiar instances of one result of what is now taking 
place by the crushing of the rocky masses of our cooling and de- 
scending earth’s crust, every hour beneath our feet, only upon a 
vastly greater scale. It is in this local transformation of work 
into heat that I find the true origin of volcanic heat within our 
globe. But if we are to test this, so as, in the only way possible, 
to obtain a true solution of this great problem, we must again 
ask the question, How much ? and to answer this, we must deter- 
mine experimentally how much heat can be developed by the 
crushing of a given volume, say a cubic mile, of such rocky ma- 
terials as we know must constitute the crust of our globe down to 
the bottom of the known sedimentary strata, and extending to 
such crystalloid rocks as we may presume underlie these. We 
must also obtain, at least approximately, what are the co-efticients 
of total contraction between fusion and atmospheric temperature 
of such melted rocks, basic and acid silicates, as may be deemed 
representative of that co-efficient for the range of volcanic fused 
products, basalts, trachytes, etc., which probably sufficiently nearly 
coincide with that of the whole non-metallic mass of our globe. 

The first I have determined experimentally by two different 
methods, but principally by the direct one of the work expended 
in crushing prisms of sixteen representative classes of rock; the 
specific gravities and specific heats of which I have also determined. 

{f H be the height of a prism of rock crushed to powder by a 
pressure, P, applied to two opposite faces, which, when the prism 
has been reduced to its volume in powder, has acted through a 
range of H —¢, then 

P x (H—2) 


is the heat corresponding to the work expended in the crushing, 
expressed in British units of heat. The following were the rocks 
experimented upon: Caen stone, Portland (both oolites), magne- 
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sian limestone, sandstones of various sorts, carboniferous lime- 
stones (marbles), the older slates (Cambrian and Silurian), basalts, 
various granites and porphyries, thus ranging from the newest 
and least resistant to the oldest and most resistant rocks. The 
results have been tabulated, and are given in detail in my paper, 
now in possession of the Royal Society. ‘The minimum obtained 
is 331 and the maximum 7,867 British units of heat developed, 
by transformation of the work of crushing one cubic foot of rock, 
If we apply the results to a thickness of solid crust of 100 miles 
(British), of which the upper twenty-one miles consist of Neozoic, 
newer Paleozoic, older Paleozoic and Azoic rocks in nearly equal 
proportion as to thickness, and the remaining eighty miles of 
crystalloid rocks (acid and basic magmas of Durocher) of physical 
properties which we may assume not very different from those of 
our known granites and porphyries—and which, in so far as they 
may differ, would give a still higher co-efficient of work trans- 
formed into heat than I have attributed to them by ranging them 
as only equal to the granites, ete.—then we obtain a mean co- 
efficient for the entire thickness of crust of 100 miles of 6,472 
British units of heat, developable from each cubic foot of its 
material, if crushed to powder. It results from this that each cubic 
mile of the mean material of such a crust, when crushed to pow- 
der, develops sufficient heat to melt 0°876 cubic miles of ice into 
water at 32°, or to rise 7°600 cubic miles of water from 42° to 
212° Fahr., or to boil off 1:124 cubic miles of water at 32° into 
steam of one atmosphere, or, taking the average melting point of 
rocky mixtures at 2,000° Fahr., to melt nearly three and a half 
cubic miles of such rock, if of the same specific heat. 

Of the heat annually lost by our globe and dissipated into space, 
represented by 777 cubic miles of ice melted, as before stated, the 
chief part is derived from the actual hypogeal source of a hotter 
though not necessarily fused nucleus, and nearly, if not wholly, is 
quite independent of the heat of vulcanicity, which is developed 
as a consequence of its loss or dissipation. But were we to take 
the extreme case, and suppose it possible that all the heat the 
globe loses annually resulted from the transformation of the work 
of internal crushing of its shell, we shall find that the total volume 
of rock needed to be crushed in order to produce the required 
amount of lost heat is perfectly insignificant as compared with the 
volume of the globe itself, or that of its shell. For, as 1-270 cubic 
miles of crushed rock develops heat equivalent to that required to 
melt one cubic mile of ice to water at 32°, and if we assume the 
volume of our globe’s solid crust to equal one-fourth of the total 
volume of the entire globe, 987 cubic miles of rock crushed 
annually would supply the whole of the heat dissipated in that 
time. But that is less than the one sixty-five millionth of the 
volume of the crust only. 

But a very small portion of the total heat annually lost by our 
globe is sufficient to account for the whole of the volcanic energy 
of every sort, including thermal waters, manifested annually upon 
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our earth. In the absence of complete data, we can only approxi- 
mately calculate what is the annual amount of present volcanic 
energy of our planet. This energy shows itself to us in three 
ways: 1. The heating or fusing of the ejected solid matters at 
volcanic vents. 2. The evolution of steam and other heated 
elastic fluids by which these are carried. 3. The work of raising 
through a certain height ¢'! the materials ejected. To which we 
must add a large allowance for waste, or thermal mechanical and 
chemical energy ineffectually dissipated in and above the vents. 
All these are measurable into units ot heat. 

I have applied this method of calculation to test the adequacy 
of the source I have assigned for volcanic heat, in two ways, viz: 
1. To the phenomena presented during the last two thousand 
years by Vesuvius, the best known volcano in the world; and 
z. To the whole of the four hundred and odd volcanic cones ob- 
served so far upon our globe, of which not more than one-half 
have ever been known in activity. 

It is impossible here to refer to the details of the method or 
steps of these calculations. The result, however, is, that making 
large allowances for presumably defective data, less than one- 
fourth of the total telluric heat annually dissipated (as already 
stated in amount) is sufficient to account for the annual volcanic 
energy at present expended by our globe. 

It is thus represented by the transformation into heat of the 
work of crushing about 247 cubic miles of (mean) rock, a quantity 
so perfectly insignificant, as compared with the volume of the 
globe itself, as to be absolutely inappreciable in any way but by 
calculation; and as its mechanical result is only the vertical trans- 
position transitorily of material within or upon our globe, the 
proportion of the mass of which to the whole is equally insignifi- 
cant, co not likely in any way to producc changes recognizable by 
the astronomer. 

Space here forbids my entering at all upon that branch of my 
investigation which is based upon the experimental results, above 
mentioned, of the total contraction of fused rocks: for these, the 
original paper can, I hope, be hereafter referred to. Iam enabled, 
however, to prove thus how enormously more than needful has 
been the store of energy dissipated since our globe was wholly a 
melted mass, for the production, through the contraction of its 
volume, of all the phenomena of elevation and of vulcanicity 
which its surface presents. And how very small is the amount of 
that energy in a unit of time as now operative, when compared 
with the same at very remote epochs in our planet’s history. 

I have said that if we can find a true cause in Nature for the 
origination of volcanic heat, all the other known phenomena, at 
and about volcanic vents, become simple. Lavas and all other 
solid ejecta of volcanoes, from all parts of the earth’s surface, as 
well as basalts, present in chemical and physical constitution close 
resemblance, and may be all referred to the melting of more or 
less fusible mixtures of siliceous crystalloid rocks with aluminous 
(slates, ete.) and calcareous rocks. Their general chemical com- 
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position, and the higher or lower temperatures of fusion resulting 
therefrom, together with the higher or lower temperatures to 
which they have been submitted at the different volcanic foci, 
determine their difference of flow (under like surface conditions) 
and of mineral character “_ ejection and cooling. 

St. Clair de Ville and Fouqué have shown that the gaseous 
ejections, of which steam forms probably 99 per cent, are ‘such as 
arise from water admitted toa preéwistent focus of high: temperature, 
Whether it be sea or fresh water is not material, when we bear in 
mind that the chemical constituents found in sea water and in 
natural fresh waters that have penetrated the soil are, on the 
whole, alike in kind and only differ in proportions. But I must 
pass almost without notice ‘all the varied and instructive phe- 
nomena which are presented by volcanic vents, for to treat of 
these at all would be to more than double the size of this sketch. 

In the source that has been pointed out as that from which vol- 
canic heat itself is derived, viz., the secular cooling of our globe, 
and the effects of that upon its solid shell, we are enabled to point 
to that which is the surest test of the truth of any theory—that it 
not only enables us to account for all the phenomena, near or re- 
mote, but to predict them. We see here linked together as parts 
.of one grand play of forces, those of contraction by cooling, pro- 
ducing by direct mechanical action the elevation of mountain 
chains, and by their indirect action, by transformation of mechani- 
cal work into heat, the production of volcanoes; and both by 
direct and by indirect action of earthquakes, never previously 
shown to have thus the physical connection of one common cause, 
but merely supposed, more or less, to be connected by their dis- 
tribution upon our earth’s surface. 

We now discern thus the physical cause why volcanoes are dis- 
tributed, viewed largely, linearly, and follow the lines of eleva- 
tion; we see equally why their action is uncertain, non-periodic, 
fluctuating in intensity, with longer or shorter periods of repose, 
shifting in position, becoming extinct here, appearing in new ac- 
tivity or for the first time there. We have an adequate solution 
of the before inexplicable fact of their propinquity, and yet want 
of connection. We have an adequate cause for the fusion of rock 
at local points without resorting to the baseless hypothesis of 
perennial lakes of lava, etc. 

For the first time, too, we discern a true physical cause for 
earthquake movement, where volcanic energy does not show it- 
self. The crushing of the world’s solid shell, whether thick or 
thin, goes on per sultum and at evershifting places, however 
steadily the tangential pressures producing it may act.* Hence 
crushing alone may be shown to develop amply sufficient impulse 
to produce the most violent earthquakes, whether they be or be 
not at a given place or time connected with volcanic outburst or 

* Yielding to the tension resulting from the earth’s contraction is the chief 
cause of earthquakes presented by the writer in his Manual of Geology (1862) and 
previously as early as 1847. in articles on the Results of the Earth’s ‘Contracticn. 
published in volumes iii and iv of the second series of this Journal.—g. p. p. 
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possible injection, or with tangential pressures, enough still, in 
some cases, to produce partial permanent elevation. 

When subterraneous crushing takes place, and the circumstances 
of the site do not permit the access of water, there may be earth- 
quake, but can be no volcano; where water is admitted, there 
may be both. 

And thus we discern why there are comparatively few sub- 
marine volcanoes, the floor of the ocean being, on the whole, 
water-tight—“ puddled,” as an engineer would say, by the huge 
deposit of incoherent mud, etc., that covers most of it, and prob- 
ably having a thicker crust beneath it than beneath the land. 

We see, moreover, that the geological doctrine of absolute uni- 
formity cannot be true as to vulcanicity, any more than it can for 
any other energy in play in our world. Its development was 
greatest at its earliest stages, when the great masses of the moun- 
tain chains were elevated. It is even now—though as compared 
to men’s experience, and even to all historic time, apparently uni- 
form and always the same—a decaying energy. 

4, On Ohio and other Gas Wells ; by Prot. J. 8. Newsperry.— 
This popular record of the facts connected with gas wells was pre- 
pared for the Cleveland Herald by Prof. Newberry. 

The many enquiries addressed to me in regard to the possibility 
of obtaining gas at Cleveland, by boring for it, indicates some 
interest in the subject, and prompts me to send you the following 
resumé of “what I know about our gas wells.” Carburetted 
hydrogen is the chief component of the gas which escapes from 
the earth in wells and springs in many localities. It is evolved 
in the working of coal mines and constitutes the “ fire-damp.” It 
is also a constant associate of petroleum, and always issues in 
greater or less quantity from oil wells. It is given off, too, in the 
decomposition of recent vegetable matter, and may be seen bub- 
bling up through the water of all pools in which plants are decay- 
ing. When it escapes from the earth it may be generally traced 
to beds of bituminous matter, such as coal, lignite, carbonaceous 
shale, asphalt, oil, ete. From these substances it may be obtained 
by artificial distillation, and is evolved by the spontaneous decom- 
position which all organic substances suffer on exposure. 

As carburetted hydrogen produces a brilliant light in combus- 
tion, it is largely manufactured for the illumination of cities and 
residences. So extensively is it employed for this purpose that 
it may be regarded as an indispensable element to our modern 
civilization. It is not strange, then, that efforts have been made 
to utilize the immense quantities of gas which flow from wells and 
springs in so many different countries. The Chinese have for 
hundreds of years used for lighting and heating the gas which 
emanates from the earth in several provinces of their country. In 
the United States the gas which issues from the salt wells of the 
Kanawha Valley has been for many years employed as a fuel in 
the evaporation of the brine. 

The town of Fredonia, in Western New York, has for more than 
forty years been fully or partially lighted by gas which issues 
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from springs at that place. In the borings made for oil in the 
various oil districts of the Western States, the gas which has been 
produced so abundantly has been regarded as a useless, frequently 
an inconvenient and dangerous product. Within a year or two past, 
however, this gas has been utilized in numerous localities, and 
already a large number of wells have been bored for the express pur- 
pose of obtaining it. In some cases these gas wells have been 
highly productive, furnishing an abundance of material for heating 
and lighting in its most convenient and manageable form, so that 
this deserves to be reckoned as one of the important elements in the 
mineral resources of our country. As this method of procuring 
carburetted hydrogen gas forms a new industry, and one which 
will probably assume considerable importance, a few words in 
teference to its present condition and prospects may not be without 
interest to the public. I therefore extract from my notes a few 
facts in regard to some of the most interesting of our gas pro- 
ducing districts. On the Upper Cumberland, in Kentucky, gas 
accumulates in such quantities beneath the sheets of Lower Silu- 
rian limestone, that many hundred tons of rock and earth are 
sometimes blown out with great violence. These explosions have 
received the local name of “ gas volcanoes.” In Ohio gas escapes 
from nearly all the wells bored for oil in the oil-producing dis- 
tricts. Of these, two bored by Peter Neff, Esq., near Kenyon 
College in Knox county, present some remarkable features. 
These wells were bored in 1866, at the same geological horizon as 
that which furnishes the oil on Oil Creek, Pa. At the depth of 
about 600 feet, in each well, a fissure was struck from which gas 
issued in such volume as to throw out the boring tools and form a 
jet of water more than 100 feet in height. One of these wells had 
been tubed so as to exclude the water, and gas has continued for 
five years to escape from it in such quantity as to produce, as it 
rushes through a two and a half inch pipe, a sound that may be 
heard at a considerable distance. When ignited the gas forms a 
jet of flame three fect in diameter and fifteen feet long. The 
other well, which has never been tubed, constantly ejects, at inter- 
vals of one minute, the water that fills it. It thus forms an inter- 
mittent fountain one hundred and twenty feet in height. The 
derrick set over this well has a height of sixty feet. In winter it 
becomes incased in ice, and forms a huge translucent chimney, 
through which at regular intervals of one minute a mingled cur- 
rent of gas and water rushes to twice its height. By cutting 
through this chimney at its base, and igniting the gas in a paroxysm, 
it affords a magnificent spectacle—a fountain of water and fire which 
brilliantly illuminates the ice chimney. No accurate measure has 
been anle of the gas escaping from these wells, but it is estimated 
to be sufficient to light a large city. 

At West Bloomfield, N. Y., is another gas well, not unlike 
those I have described. This is bored to the depth of five hun- 
dred feet, reaching down to the vicinity of the Marcellus bitumin- 
ous shales. From some measurements made by Prof. Wurtz, it 
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appears that about fifteen cubic feet of gas escapes irom this well 
every second, It is proposed to utilize this large amount of val- 
uable combustible by conducting it through pipes to Rochester, a 
distance of twenty miles. 

At Erie, Pennsylvania, there are now twenty-five wells in suc- 
cessful operation, most of which have been bored for the special 
purpose of obtaining gas. Mr. Heury Newton, my assistant in 
the School of Mines, has recently made, at my request, a careful 
examination of all of these wells, and has given me a detailed 
description of each. I quote one or two of these for the purpose 
of conveying a clear idea of their general character. 

ist. H. Jarecki & Co, (Petroleum Brass Works) have two wells; 
the first bored for oil in 1864, 1,200 feet deep. No oil was 
obtained, but brackish water and an abundant supply of gas. 
This is used to light a few houses. The second well was bored in 
March, 1871, for gas, is 700 feet, deep and is used to supply gas to 
light the shop and heat the boilers. The supply is not at all regu- 
lar, and has perceptibly failed since the Conrad well was sunk near 
it. The heating power of the gas from well No. 2 is roughly esti- 
mated at from eight to ten tons of coal per month. 

2d. Brevellier’s well was sunk for oil in 1864, depth 625 feet, 
diameter five inches. The gas supplies five fires in the soap fac- 
tory and three in the house of the proprietor, besides lighting 
both establishments. It has been used in the factory for five 
years. 

At Conneaut and Painesville, Ohio, wells have been bored for 
gas with entire success, and others are being bored in these locali- 
ties, and at many points further west. 

In the vicinity of Cleveland, as in many other localities in the 
eastern half of the State, gas and oil springs are frequently met 
with, and wells have been bored for one or the other of these useful 
articles. Jiere, as elsewhere, there are two marked lines of gas 
and oil springs, connected with the outcrops of the two sheets of 
bituminous shale which underlie the surface: Ist, the Cleveland 
shale of Lower Carboniferous age, which crops out along the base 
of the hills that bound the Cuyahoga Valley. This bituminous 
shale is from thirty to sixty feet in thickness, and is the source of 
the oil of the East Cleveland and Kingsbury quarries, the noted 
gas spring at the brick-yard beyond East Cleveland, etc. The 
oil of Mecca and Liverpool is derived from the Cleveland shale. 
2d, the Huron or Great Black shale, which passes beneath Cleve- 
land, and rising westward comes to the surface in Huron and Erie 
counties, and forms a broad belt of outcrop, thence to the Ohio 
river. The Huron shale has a thickness of 300 to 400 feet, mostly 
black and highly bituminous, and is the source from which the 
gas of the Neff wells and the wells of the lake shore and the oil 
of Oil Creek are derived. In the valley of the Cuyahoga, in both 
Cuyahoga and Summit counties, a large number of wells were 
bored for oil some years since. Most of these yielded both 
gas and oil, but neither in large quantity. From a similar well 
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in the valley of Rocky river, a copious flow of gas has continued 
to escape for several years. = ° 

From these facts it will be seen that the flow of gas from wells 
bored in Cuyahoga county has been, on the whole, considerably 
less than from those farther east, and scarcely sufficient to war- 
rant any great confidence in the success of experiments of this 
kind. 

Since the geological formation at Cleveland is precisely the same 
as at Painesville, Conneaut and Erie, the difference noticeable in 
the quantity of gas obtained by boring in these localities has 
excited some surprise. The solution of the problem is, I think, 
this: As we approach the Alleghanies we find the strata which 
underlie Eastern Ohio and Western Pennsylvania more disturbed 
and brokenn * * * 

Nature and Uses of the Gas obtained from the Gas Wells.—The 
illuminating power of the gas of the West Bloomfield well and 
that from the wells of Fredonia and Erie has been measured, and 
found to be about one-half that of the gas used in most of our 
cities; or, technically, it is 7- or 8—candle gas, our city gas ranging 
from 14— to 18-candle power. It has usually the odor of petro- 
leum, and contains a smali quantity of condensible petroleum 
vapor. It is heavier than common street gas, and its heating power 
is greater. It contains carbonic acid and carbonic oxide, and 
when these are removed by passing it through a purifier its illum- 
inating power is increased and its heating power diminished. All 
who use it speak of it in terms of high praise as being extremely 
convenient for heating and lighting, and without objectionable 
qualities. When delivered from the well directly to the burners 
and not consumed, it accumulates so that the pressure sometimes 
bursts the pipes. A steam guage applied to one of Mr. Neff’s 
wells, in Knox county, ran rapidly up to 180 pounds, the highest 

ressure it would indicate. The pressure of the gas in the bottom 
of the well not tubed is certainly much greater than this, as it lifts 
a column of water not less than 500 feet in height. The gas of 
the well has no offensive odor, which is regarded as an excellence, 
but which may be a source of danger in its use. The offensive 
odor of street gas betrays its presence at once, reveals leaks and 
prevents accumulations and explosions, so that it may be regarded 
as almost indispensible to its safe use. The value of a well pro- 
ducing a copious flow of gas can hardly be overestimated. If the 
wells of Mr. Neff had been so located that their enormous product 
could have been utilized, they would have a larger pecuni- 
— to their owner than any oil well has ever done. 
he comfort and elegance imparted to an establishment by an 
abundant flow of odorless gas are well shown in the residence of 
General Casement. Here every fire in the house, in the kitchen 
range as well as the parlor grate, is fed by a fuel which gives a 
brilliant, cheerful flame, is supplied and cut off by turning a stop 
cock, makes little smoke and leaves no ashes; and all this in 
addition to an abundant supply for illumination. So great 4 
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luxury as this is makes doubly fortunate the man who possesses 
it, and is certainly worth some trouble and expense to those who 
would enjoy it. * * * * 

5. Fossil Birds from the Cretaceous of North America.—In 
Dr. Coues’ “ Key to North American Birds,” recently published, 
there is an Appendix on the fossil forms, prepared by Prof. O. C. 
Marsh, who has described nearly all the known species. From 
the Tertiary and Post-tertiary deposits of this country, eighteen 
extinct birds are enumerated; while in the Cretaceous beds no 
less than thirteen species have been discovered. The latter are 
of special interest—as but two other Cretaceous birds are known 
—and hence the list is repeated here, with additions up to the pre- 
sent time. 

GRALLATORES. 
Telmatornis priscus Marsh. This Journal, xlix, 210, March, 1870. 

A species about as large as the King Rail (Radllus elegans), and 
probably allied to the Rallide. From the Cretaceous formation. 
Found near Hornerstown, New Jersey, and preserved in the 
museum of Yale College. 

Telmatornis affinis Marsh. This Journal, xlix, 211, March, 1870. 

A somewhat smaller species from the same formation and locality. 
Also in the Yale museum. 

Paleotringa littoralis Marsh. This Journal, xlix, 208, March, 

1870. 

About equalling a Curlew in size. The remains were found in 
the Cretaceous green-sand, at the above mentioned locality, and 
are now preserved at Yale College. 

Paleotringa vetus Marsh. This Journal, xlix, 209, March, 1870. 

A smaller species, from the same formation, found at Arney- 
town, New Jersey. The known remains are in the Philadelphia 
Academy. 

Paleotringa vagans Marsh. This Journal, iii, 365, May, 1872. 

Intermediate in size between the two preceding species. Dis- 
covered in the same formation, near Hornerstown, New Jersey ; 
and now in the museum of Yale College. 


NATATORES. 
Graculavus velox Marsh. This Journal, iii, 363, May, 1872. 

This bird was related to the Cormorants, and was rather smaller 
than Graculus carbo. The remains were found in the green-sand 
of the Cretaceous formation, near Hlornerstown, New Jersey, and 
are now at Yale College. 

Graculavus pumilus Marsh. This Journal, iii, 364, May, 1872. 

A smaller species, from the same formation and locality. The 
remains are in the Yale museum. 

Gracuiavus anceps Marsh. This Journal, iii, 354, May, 1872. 

a saomggae | a species of Cormorant, about as large as Graculus 
violaceus. From the Cretaceous of Western Kansas. Remains in 
the Yale College museum. 
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Graculavus agilis Marsh, sp. nov. This Journal, v, March, 1873. 
A somewhat smaller species, probably of the same genus. The 
metacarpal bones are more slender, and the carpal fossa is wanting. 
From the same formation and locality. Remains, also in the Yale 
museum. 
Hesperornis regalis Marsh. This Journal, iii, 360, May, 1872. 
This bird was a gigantic Diver, related to the Colymbide. The 
skeleton measured about five feet nine inches in length. The 
known remains were found in the upper Cretaceous shale of 
Western Kansas, and are now in the Yale museum. 
Laornis Edvardsianus Marsh. This Journal, xlix, 206, March, 
1870. 
This species was nearly as large as a Swan. The remains were 
discovered in the Middle Marl bed, of Cretaceous age, at Birming- 
ham, New Jersey, and are now in the museum of Yale College. 


Sub-class ODONTORNITHES, or AVES DENTAT. 
Order IcHTHYORNITHES. 


Ichthyornis dispar Marsh.—This Journal, iv, 344, Oct., 1872; 

406, Nov., 1872; v, 161, Feb., 1873. 

A bird about as large as a Pigeon, and differing from all known 
birds in having teeth and biconcave verteébre. The known remains 
were found in the Upper Cretaceous shale of Kansas, and are 
preserved in the museum of Yale College. 

Apatornis celer Marsh; (Iehthyornis celer Marsh).—This Journal, 

v, 74, Jan., 1873; 163, Feb., 1873. . 

A species about the same size as the above, but of more slender 
proportions. From the upper Cretaceous shale of Kansas, and 
now in the Yale College museum. 

6. Note on the Cretaceous of Wyoming ; by Prof. Coreg, (slip 
from the Proc. Phil. Soc. Philadelphia, published on February 
7th).—Prof. Cope made some remarks on the geology of Wyom- 
ing, especially with reference to the age of the coal series of Bitter 
Creek. He said that the discovery of the Dinosaur Agathaumas 
sylvestris had settled the question of age, concerning which there 
had been much difference of opinion, in favor of the view that they 
constitute an upper member of the Cretaceous series. In the 
sections made, he had succeeded in tracing the line of demarcation 
between these and the lower beds of the Green River epoch, and 
had found the leaf beds of the former to be immediately covered 
by deposits of mammalian remains, with an interval of a few feet 
only. In the same way, the close approximation of the Evanston 
Cretaceous coal to Tertiary strata was determined by the finding 
of numerous mammalian and reptilian remains in the lower part 
ef the Wahsatch beds of Hayden, or even in the sandstones over- 

lying the coal. Here two species of Bathmodon were found, cor- 
responding with the nearly allied genus Metalophodon from the 
Bitter Creek locality. So far as is yet known, the Bathmodontide 
are diagnostic of the Green River formation, and on this and 
other grounds the Wahsatch beds of Evanston were regarded 
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as belonging to it. A further extension of the Green River 
formation was found at a point 400 miles westward (see Proc. Am. 
Philos. Soc., July, 1872), near Elko, Nevada, where fishes and 
insects occur in thin shales, Some of the former are nearly allied 
to species from the fish beds of Green River. 

[Prof. Cope follows his statements on these points by others 
taking exception to an editorial note in this Journal, III, iv, 489, 
where, after mentioning Prof. Cope’s determination of the Creta- 
ceous age of the Bitter Creek coal, through the discovery of the 
remains of a Dinosaur, we remarked that “ Prof. Cope was doubt- 
less not aware that Mr. Meek had, in 1871, referred Dr. Hayden’s 
collection from this formation on Bitter Creek, at Point of Rocks, 
to the Cretaceous.” Prof. Cope now urges that Mr. Meek’s deter- 
minations of the fossils were given with an expression of doubt, 
and that this was the ground of his making no reference to his 
opinions. It is nevertheless true, as we before stated, that Mr. 
Meek referred the beds mentioned to the Cretaceous without a 
query, expressing a doubt only with regard to the identification of 
the species with certain California forms; and this being a fact, 
we were not disposed to regard it as an intentional neglect on the 
part of Prof. Cope, as he would now have us to understand. We 
may add, that Prof. Cope is wrong in saying that “all his [| Meek’s] 
Coalville Cretaceous species are marked with a question ;” for 
there are two species of Jnoceramus and two of Cardium, in the 
list referred to (Hayden’s Rep., 1871, p. 376), which are given 
without any indication of doubt. Further, the Cretaceous coal 
beds containing Dinosaurian remains, found by Prof. Marsh on 
Brush Creek, instead of being from 150 to 200 miles distant from 
the Bitter Creek saurian locality, are less than 75 miles.—Eps. 

7. Recent Explorations in Vancouver and Queen Charlotte 
Islands.—During the past summer Mr. J. Richardson, of the Geo- 
logical Survey of Canada, has made unusually large collections of 
the fossils, minerals and other objects of interest from Vancouver 
and Queen Charlotte, a number of which were exhibited at the 
meeting of the Natural History Society of Montreal, Jan. 27th. 

Mr. A. R. C. Selwyn said that these collections establish con- 
clusively the fact that the coal fields of the two islands belong to 
the same geological horizon. In each case the coal fields are of 
the same age as the chalk formation of Europe and elsewhere. 
Further, the coal of Queen Charlotte Island is found to be a true 
anthracite in formations, as new as the chalk. The coal seams of 
Vancouver rest directly upon crystalline rocks, in which lime- 
stones predominate. Associated and interstratified with the lime- 
stones are diorite, and what seem to be epidotic and chloritic 
rocks, At Horn Lake (in Vancouver Island) a wall of limestone, 
interstratified with hornblende and dioritic rocks, rises almost 
perpendicularly to a height of about 1,006 feet. As this cliff is. 
near the proposed line of the Pacific Railway, Mr. Richardson 
thinks that it will be of value for lime-making and building pur- 
poses ; it is also a fine statuary marble. The same gentleman esti- 
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mates the Comox coal field, in Vancouver, to have an area of 300 
square miles. It is underlaid by coal seams of from two to ten 
feet in thickness, which would probably yield an average of 
11,840,000 tons per square mile. The total production of this field, 
to a depth of 1,500 feet from the surface, is computed to be about 
3,552 millions of tons. The Nanaimo coal field has an estimated 
area of 90 square miles, and contains three or more seams of 
from three to ten feet in thickness. There are also large areas of 
coal-bearing rocks to the southeast of Nanaimo, and on the ex- 
treme northern part of Vancouver, as well as on the mainland, 
near the mouth of the Fraser river. 

Principal Dawson said that although the vegetation of the Car- 
boniferous period was strikingly different from that of the Van- 
couver and Queen Charlotte coal seams, the physical conditions 
under which the coal was formed, was similar in both cases. In 
other words, coal seems to have been produced from the vegeta- 
tion of swamps and forests, at different geological periods, and 
from very dissimilar kinds of plants. In the coal of Vancouver 
leaves were found which the lecturer said belong to species of 
oak, plane and poplar. The coal of Vancouver is bituminous, 
while that of Queen Charlotte is ascertained to be anthracite. 
Anthracite, Dr. Dawson went on to say, is probably bituminous 
coal altered by heat; it presents an appearance as if it had been 
baked. Very few traces of plants have been found in the Queen 
Charlotte anthracite, and this was attributed to the metamorphosed 
or altered nature of the coal. Specimens of fossil wood were, 
however, found, not in the anthracite, but in beds associated with 
it which Mr. Richardson believes to be of the same age. These 
woods are allied to those members of the yew family which grow 
at the present day on the west coast of America and on the east 
coast of Asia. They are all fragments of cone-bearing trees, and 
these, from their resinous nature, resist decay better than other 
kinds of wood. In some of these pieces, traces of boring molluscs 
allied to the shipworm of modern seas, may be seen. Another 
specimen shows the leaf of a fern associated with marine shells. 
In the first case the wood must have been waterlogged, and the 
fern had probably been washed out to sea. Specimens of fossil 
fruits, from Queen Charlotte, were exhibited. These were stated 
to be probably allied to certain fossil fruits described from the 
Isle of Sheppey, which were once thought to belong to true palms, 
but which are now assigned a place between the palms proper 
and the screw pines. Some curious concretions from the bitumin- 
ous coal of Vancouver were also exhibited. 

Mr. Billings gave a description of the distribution of the cre- 
taceous rocks of North America, and then called attention to some 
of the characteristic fossils of the Vancouver and Queen Charlotte 
strata. Among these were large Ammonites, Nautili and various 
marine shells, of the same genera for the most part as those which 
are frequent in the European chalk formation. He remarked that 
in the present collection he had not detected any remains of large 
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reptiles, or any sea urchins, both of which are common in the Cre- 
taceous rocks of other localities. 

Mr. Whiteaves also made some remarks on the fossils collected. 
He said that certain specimens from a single locality in Queen 
Charlotte indicated a higher geological horizon than the chalk, 
and that he was disposed to refer them to older Tertiary rocks, 
probably of Eocene date.— Montreal Gazette, Jan. 30. 

8. Cainozoie versus Canozoie or Cenozvic.—We observe that 
Lyell, in his geological works, even the most recent, uses the word 
Cainozoie instead of Cwnozoie or Cenozoic. Why the pro- 
pounder of the terms Eocene, Miocene, etc., should thus spell the 
word is incomprehensible. If he is right in it, then to be consis- 
tent, he ought to say Hocuin, Miocain, Pliocain, Post-pliocain ; 
for all have the same root xazvos. And further, consistency, 
which we all love, will not allow us to stop here. We must go on, 
and say Palaiozvic, not Paleozoic or Paleozoic; aithiopic, not 
ethiopic; aither, not ether or ether; qisthetic, not esthetic; 
paian, not pean; we must call demons, daimons, and pedagogues, 
paidagogues, and speak of the earth as a sphaire in space, no longer 
as a sphere; and all this to put cain into the designation of the 
last great geological era. If successful, it would be a poor object 
secured at a disadvantage. J. D. D. 

9. Third and Fourth Annual Reports of the Geological Sur- 
vey of Indiana, made during the years 1871 and 1872; by E. T. 
Cox, State Geologist, assisted by Prof. Joun Cot.ert, Prof. B. C. 
Hoss, Prof. R. B. Warper, and Dr. G. M. LEverre. pp. 488, 8vo. 
Indianapolis, 1872.—This volume, from the Geological Survey 
of Indiana, is occupied mainly with facts connected with its 
local geology, and especially the Coal formation. The State 
geologist reports on Perry county, and briefly on Harrison and 
Crawford counties; Prof. Collett on Dubois, Pike, Jasper, White, 
Carroll, Wabash, Miami and Howard counties; Prof. Hobbs on 
Parks county ; and Prof. Warder on Dearborn, Ohio and Switzer- 
land counties—the report contains a large number of valuable 
analyses of mineral coal of the State—a product that is attracting 
much attention—the economical value of the various coals being 
determined by experiment and calculation, as well as the products 
of combustion ; and for some kinds complete ultimate analyses 
are given. The volume is accompanied by a case in 8vo, contain- 
ing three maps. The long list of errata at the end shows that the 
State printing office did not use all the care it might to secure 
accuracy. 

10. d Manual of Paleontology, for the use of students, by 
Henry Nicuotson, M.D., Professor of Natural History 
in University College, Toronto. 8vo, 601 pp. Blackwood & Sons, 
Edinburgh and London, 1872.—This work will be found useful to 
the student of geology, as it supplies, in part, a want which has 
long been felt. The principles of Paleontology are first discussed, 
and a concise classification of the Animal Kingdom given. In 
Part Second, Paleontology proper is treated of in detail, special 
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prominence being given to the remains of invertebrates. The third 
part gives a general view of Paleobotany, and the remainder of 
the work is devoted to Stratigraphical Paleontology. The volume 
contains about 400 figures, most of them excellent wood-cuts, 
taken from D’Orbigny’s Cours Elémentaire de Paléontologie, by 
arrangement with the publishers of that work. 

11. A Treatise on Building and Ornamental Stones of Greut 
Britain and Foreign Countries ; arranged according to their 
geological distribution and mineral character, with illustrations 
of their application in ancient and modern structures. By 
Epwarp Hutt, M.A., F.R.S., Director of the Geological Survey 
of Ireland. pp. 333, 8vo. London (McMillan & Co.).—Mr. Hull has 
made out of his subject an interesting and useful book, and we 
believe he is correct in saying it is the first attempt in our lan- 
guage to discuss this important department of practical geology 
and mineralogy in a separate treatise. The classification of his 
subject is well considered, as follows: Part I, Granitic Rocks, 
Syenite; Part III, Porphyritic Rocks; Part IV, Greenstone Rocks 
(Diorite, Diabase, Minette, etc.), Augitic Rocks (Basalt, Dolerite 
and Melaphyre), Lavas; Part V, Serpentinous Rocks; Part VI, 
Marble; Part VII, Alabaster; Part VIII, The Rarer Ornamental 
Stones; Part IX, Malachite; Part X, Calareous group of build- 
ing stones; Part XI, Sandstone group of building stones; Part 
XII, Tufaceous and volcanic building stones; Part XIII, Slates. 
The concluding observations (Part XIV) are on the physical and 
chemical characters of building stones; on the selection of build- 
ing stones, with special reference to climate and the nature of the 
atmosphere; and the weights per cubic foot of British building 
stones. The author presents a large number of interesting data 
under each of these main divisions, subdividing his subject by a 
separate treatment for various countries, and bringing in under 
appropriate heads many data respecting the ornamental and fitie 
arts, both ancient and modern. For the American reader this 
volume is naturally fuller upon British examples than is desirable, 
and is far too imperfect in its notices of American building mate- 
rials, some of the most important of which are not mentioned. 
The geological reports of the various States, which are the chief 
sources of information on this subject, appear not to have been 
consulted by our author, while in general the book shows evidence 
of careful preparation by consultation of authorities. 

12. The History of Balanoglossus und Tornaria ; by ALEXAN- 
DER Acassiz. Quarto with three plates. From the Memoirs of 
the American Academy of Arts and Sciences, vol. ix, p. 421, 
January 14, 1873.—In this very interesting and important memoir, 
Mr. Agassiz gives us a nearly complete history of the develop- 
ment of the larva long known as Yornaria, and until recently 
universally regarded as the larva of an Echinvderm, into the very 
remarkable worm Balanoglossus. That Turnaria is the larva of 
this or some allied genus, had been rendered very probable by the 
observations of Metschnikoff, published in 1870, as stated by Mr. 
Agassiz, but the evidence was not conclusive, for the complete 
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development and metamorphosis had not been observed. It is, 
therefore, very gratifying to have this important point settled 
so soon and so satisfactorily. Mr. Agassiz gives an excellent 
account of the structure, both of the larva in its various stages 
and of the adult Balanoglossus, and discusses their relations to 
other worms. He concludes that when, at last, the true structure 
of this remarkable larva and its history have been ascertained, its 
true relations to the larve of Annelids are sufficiently clear, while 
the relations to Echinoderm larve are not so close as had been 
supposed, for the parts are not homologous with those of the lat- 
ter, although the external resemblance is quite remarkable. Nor 
does he admit that this worm, either by its structure or mode of 
development, can be regarded as connecting the Annelids and 
Echinoderms. “ It is undoubtedly the strongest case which could 
be taken to prove their identity; but when we come carefully to 
analyze the anatomy of true Echinoderm larve, and compare it 
with that of Tornaria, we find that we leave as wide a gulf as 
ever between the structure of the Echinoderms and that of the 
Annuloids.” The plates are excellent and illustrate well both the 
external appearance and anatomy of the Tornaria-stage, the young 
Balunoglossus, and the adult. 

This Worm is of large size when mature, and lives in the sand at 
low-water mark. It occurs on the sandy shores of southern New 
England and southward; Mr. Agassiz has found it at Beverly, 
Mass., as well as on the shores of Vineyard Sound and at New- 
port. The writer also has specimens from Naushon Island. 

Mr. Agassiz does not mention, and therefore has doubtless over- 
looked the fact, that Mr. Chas. Girard, just twenty years ago, 
described a species of Balanoglossus from South Carolina, under 
the name of Stimpsonia aurantiaca.* It is true that Girard’s 
description was quite imperfect, like all the early descriptions of 
this singular genus, but no one can doubt that his species was a 
Balanoglossus, snd judging from the description, it is most likely 
identical with the B. Kowalevskii, so well described and illustrated 
by Mr. Agassiz in the memoir before us. A. F. V. 

13. Journal of Researches into Natural History and Geology of 
the Countries visited during the voyage of H. M 8S. Beagle round 
the world, under command of Capt. FirzRoy, R.N. By Cares 
Darwin, M.A, F.R.S., author of Origin of Species, ete. New 
edition, pp. 519, 12mo. New York, 1871. (D. Appleton & 
Company).— With what pleasure this work was read more than 
thirty years ago, when it first made its now famous author a 
familiar name to all naturalists and lovers of nature, only the 
elder portion of our readers can remember. It remains a classic 
among journals of scientific travel, as charming to-day as ever, 
and with the advantage of a few later touches by the author. 

14. Note on the Dates of some of Prof. Cope’s recent Papers, 
by O. C. Marsu.—The Proceedings of the American Philosuphi- 
cal Society, vol. xii, No. 89, just issued (Feb. 6th, 1873), contain 


* Proceedings of the Academy of Natural Sciences of Philadelphia, vol. vi, 
p. 367, 1853. 
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several communications from Prof. Cope on vertebrate fossils from 
Wyoming. There are some errors with regard to the dates, bear- 
ing the same way with those pointed out on pp. 118 and 122, 
which should be corrected. In the table of contents of this 
number, under the stated meeting, August 15th, 1872, eight 
papers by Prof. Cope are enumerated; and it might be inferred 
that they were read on that day. In fact, however, there was 
no mecting of the Society on “the 15th, "the regular August 
meeting having been held Friday, August 16th, at which three 
only of these papers were read by title, or entered on the records. 
At the next regular meeting, September 20th, 1872, five papers 
by Prof. Cope were announced, or read by title, But as now 
published in the Proceedings, four of these purport to have been 
read September 19th, 1872, when no meeting was held on that 
date. The actual publication of these papers, by distribution 
is of course a distinct matter, and the evidence is conclusive that 
none of these were so published before Oct. 29th, 1872, and some 
of them not until long after. 


Ill. Astronomy. 


1. Researches in Spectrum Analysis in connection with the 
Spectrum of the Sun. No. 1.; by J. Norman Lockyer, F.R.S.— 
The author, after referring to the researches in which he has been 
engaged since January, 1869, in conjunction with Dr. Frankland, 


refers to the evidence obtained by them as to the thickening and 
thinning of spectral lines by variations of pressure, and to the dis- 
appearance of certain lines when the method employed by them 
since 1869 is used. This method consists of throwing an image of 
the light-source to be examined on the slit of the spectroscope. 

It is pointed out that the phenomena observed are of the same 
nature as those already described by Stokes, W. A. Miller, Rob- 
inson, and Thalen, but that the application of this method enables 
them to be better studied, the meta!lic spectra being clearly sep- 
arated from that of the gaseous medium through w hich the spark 
passes. Photographs of the spark, taken in air between zine and 
cadmium and zine and tin, accompany the paper, showing that 
when spectra of the vapors given off by electrodes are studied in 
this manner, the vapors close to the electrode give lines which dis- 
appear from the spectrum of the vapor at a greater distance from 
the electrode, so that there appear to be long and short lines in 
the spectrum, 

The following elements have been mapped on this method :— 
Na, Li, Mg, Al, Mn, Co, Ni, Zn, Sr, Cd, Sn, Sb, Ba, and Pb, the 
lines being laid down from Thalen’s maps, and ’the various char- 
acters and lengths of the lines shown. 

In some cases the spectra of the metals,.enclosed in tubes and 
subjected to a continually decreasing pressure, have been observed. 
In all these experiments the lines gradually disappear as the pres- 
sure is reduced, the shortest lines disappearing first and the longest 
lines remaining longest visible. 
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Since it appeared that the purest and densest vapor alone gave 
the greatest number of lines, it became of interest to examine the 
spectra of compounds consisting of a metal combined with a non- 
metallic element. Experiments with chlorides are recorded. «It 
was found in all cases that the difference between the spectrum of 
the chloride and the spectrum of the metal was that under the 
same spark-conditions all the short lines were obliterated. Chang- 
ing the spark-conditions, the final result was that only the very 
longest lines in the spectrum of the metallic vapor remained. It 
was observed that in the case of clements with low atomic weights, 
combined with one equivalent of chlorine, the numbers of lines 
which remain in the chloride is large, 60 per cent, e.g., in the case 
of Li, and 40 per cent in the case of Na; while in the case of 
elements with greater atomic weights, combined with two equiva- 
lents of chlorine, a much smaller number of lines remain—8 per 
cent in the case of barium, and 3 per cent in the case of Pb. 

The application of these observations to the solar spectrum, to 
elucidate which they were undertaken, is then given. 

It is well known that all the known lines of the metallic elements 
on the solar atmosphere are not reversed. Mr. Lockyer states 
what Kirchoff and Angstrém have written on this subject, and 
what substances, according to each, exist in the solar atmosphere. 
He next announces the discovery that, with no exception what- 
ever, the lines which are reversed are the longest lines. With this 
additional key he does not hesitate to add, on the strength of a 
small number of lines reversed, zine and aluminium (and possibly 
strontium) to the last list of solar elements given by Thalen, who 
rejected zine from Kirchoff’s list, and agreed with him in rejecting 
aluminium. It need scarcely be added that these lines are in 
each case the longest lines in the spectrum of the metal. 

The help which these determinations afford to the study of the 
various cyclical changes in the solar spectra is then referred to.— 
Phil. Mag., Feb., 1878. 


IV. MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Explorations west of the 100th meridian.—Under this title 
the U. 8S. Engineer Department has inaugurated the systematic 
exploration of the unmapped portions of our territory, and one 
season of field-work has already been accomplished. <A plan has 
been elaborated for the publication of the geographical results in 
the form of an atlas. Upon a skeleton map the territory is 
divided, by certain parallels and meridians, into eighty-five 
approximately equal rectangles, each of which will be represented 
by a single page of the completed atlas, and the pages will be pro- 
gressively compiled as the work proceeds. The scale adopted is 
—8 miles= 1 inch, and the size of each plate will be about 18 x 234 
inches. The work for 1872 was intrusted to Geo, M. Wheeler, 1st 
Lieutenant of Engineers, and his corps of topographers is now 
engaged in the construction of maps, which shall combine the 
data accumulated last year with the results of previous explora- 
tions by the same officer in 1869 and 1871. The field-work of the 


238 Miscellaneous Intelligence. 


last season occupied the party from July 15th to Dec. 10th, and 
covered an area of 41,000 square miles in southwestern Utah and 
adjacent portions of Nevada and Arizona. Connection was made 
at the north with Clarence King’s survey of the fortieth parallel, 
at the east with the explorations of Prof. J. W. Powell, and at 
the south and west with Lieut. Wheeler’s work of previous years, 
The Sevier river was explored from its numerous he: ads to 
its mouth in Sevier lake, and the identity of the latter with the 
Preuss lake of maps was established ; its salinity was found some- 
what less than that of Great Salt lake, The limits of the Sevier 
basin were traced, and especially the high divide that separates it 
from the Virgen, Kanab and Paria; ‘and those last mentioned 
streams—tributaries of the Colorado of the West—were surveyed 
to their mouths. Primary astronomical stations were made at 
Pioche in Nevada, at Gunnison and Beaver in Utah, and at Fort 
Steele, Laramie and Cheyenne in W yoming. Examinations were 
made of the silver mining districts so rapidly springing into exist- 
ence in western Utah, and of the coal field of southern U tah; and 
specimens and other material were accumulated in all depart- 
ments of geology and natural history. 

The scientific members of the party were H. C. Yarrow, M.D., 
naturalist, assisted by H. W. Henshaw; G. K. Gilbert, geologist, 
assisted by E. EK. Howell; M. S. Severance, ethnologist; and 
Messrs. J. H. Clark, E. P. "Austin and W. W. Maryatt, astrono- 
mers, all of whom, excepting Mr. Austin, are now engaged at 
Washington in the preparation of the results of their labors for 
publication. A preliminary report will shortly appear. 

2. Instances of remarkably low temperature observed at New 
Haven, Conn.—During the past winter the thermometer at New 
Haven has in two instances indicated a degree of cold so unusual 
that it has been thought desirable to place the facts on record in 
a permanent form, and also to institute a comparison with other 
known cases of remarkable cold. The meteorological record at 
New Haven commences with the Register of Pres. “Ezra Stiles in 
June, 1778, and is continuous to the present time with the excep- 
tions of a few months in 1779 and 1795. The following list is 
designed to include all the cases in which the thermometer at this 
place has been known to sink as low as ten degrees below zero. 
So much depends upon the location of the thermometer that it is 
impossible to institute a very close comparison between the tem- 
peratures in these different cases. 

1. Jan. 5, 1835. Prof. Benjamin Silliman observed 23 degrees below zero; Dr. 
Alfred S. Monson 24°; Mr. Rodney Burton 24°; and Prof. C. U. Shepard 26°. 

2. Jan. 30, 1873. Prof. W. A. Norton observed 23 ’ degrees below zero; Prof. C. 
S. Lyman 248°; Prof. A. C. Twining 26°; Prof. W. H. Brewer 26° ; Mrs. 
A. N. Skinner 26°. 

. Jan. 24, 1857. Dr. Alfred S. Monson observed 12° below zero; Mr. Hawley 
Olmsted 18°; and Mr. A. N. Skinner 22°. 

. Dec. 28,1872. Prof C. S. Lyman observed 193° below zero; Prof. B. Silliman 

. 194°; and Mrs. A. N. Skinner 20°. 

. Jan. 8, 1866. Prof. FE. Loomis observed 18° below zero. 

. Jan. 25, 1821. Prof. A. M. Fisher observed 12’ below zero; and Dr. Alfred 

S. Monson 174°. 
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. Feb. 7, 1855. Dr. Alfred S. Monson observed 8° below zero; and Mr. Rodney 
Burton 16°. 

. Feb. 1, 1826. Dr. Alfred S. Monson observed 15° below zero. 

. Jan. 4, 1835. Dr. Alfred S. Monson observed 15° below zero. 

. Jan. 31, 1826. Dr. Alfred S. Monson observed 14° below zero. 

. Jan. 5, 1841. Dr. Alfred S. Monson observed 12° below zero; Prof. C. S. 
Lyman 12°; and Mr. E. C. Herrick 14°. 

. Jan. 11, 1859. Dr. Alfred S. Monson observed 7° below zero; and Mr. Joseph 
Bennett 14°. 

. Feb. 3, 1783. Pres. Ezra Stiles observed 13° below zero. 

. Jan. 6, 1835. Dr. Alfred S. Monson observed 13° below zero. 

. Feb. 2, 1789. Pres Ezra Stiles observed 12° below zero. 

. Feb. 15, 1817. Pres. J. Day observed 12° below zero. 

. Dec. 16, 1831. Dr. Alfred 8. Monson observed 11° below zero. 

. Jan 18, 1840. Dr. Alfred S. Monson observed 11° below zero. 

. Feb. 10, 1784 Pres. Ezra Stiles observed 10° below zero. 

. Jan. 10, 1797. Dr. Isaac Beers observed 10° below zero. 

. Jan. 19, 1821. Prof. A. M. Fisher observed 5° below zero; and Dr. Alfred S. 
Monson 10°. 

. Jan. 26, 1821. Prof. A. M. Fisher observed 5° below zero; and Dr. Alfred S. 
Monson 10°. 

. Jan. 5, 1822. Dr. Alfred S. Monson observed 10° below zero. 

. Dec. 13, 1825. Dr. Alfred S. Monson observed 10° below zero. 

. Jan. 10, 1859. Dr. Alfred S. Monson observed 4° below zero; and Mr. Joseph 
Bennett 10°. 


It thus appears that the thermometer at New Haven has fallen 
10° below zero 25 times in 95 years. Of these cases 12 per cent 
occurred in December, 64 per cent in January, and 24 per cent in 


February ; and all are embraced within the limits of Dec. 13th and 
Feb. 21st, a period of 70 days. E. L, 

8. Tables and Results of the Precipitation in Rain and Snow 
in the United States, und at some stations in adjacent parts of 
North America, and in Central and South America ; collected 
by the Smithsonian Institution, and discussed, under the direction 
of Joseph Henry, Secretary, by Charles Schott, Assistant U. S. 
Coast Survey. 174 pp., 4to, with several plates and charts, 
Smithsonian Contributions to Knowledge, No. 222.—Prof. Henry, 
in his preface, makes the following statement as to the sources of 
the material used by Mr. Schott. ‘The following memoir con- 
tains in tabulated form the abstracts of all the records of observa- 
tions of the rain-fall which have been made from the early settle- 
ment of this country down to the close of the year 1866, so far as 
they could be obtained. These records are from about one thou- 
sand two hundred stations, and consist of the observations made 
under the direction of the Smithsonian Institution, assisted since 
1854 by the Patent Office and Department of Agriculture; of 
those by the Medical Department of the United States Army, of 
those by the United States Survey of the North and North-west 
Lakes, of those made by the New York University System, by the 
Franklin Institute of Philadelphia, and also of those by other 
scientific institutions and individuals. Fora more definite account 
of the various sources of information we would refer to subsequent 
pages. It is proper, however, that we should here express our 
obligations for the valuable codperation of the Medical Depart- 
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ment of the Army under Surgeon-General Barnes, who has given 
us free access to all the unpublished records, and also for that of 
the Department of Agriculture under the Commissioner, General 
Capron.” 

The discussion of the observations by Mr. Schott is very elab- 
orate, and brings out many important results. More than a hun- 
dred pages are occupied with tables of the precipitation over vari- 
ous parts of the United States. Following these there are chapters 
containing generalizations of the tabular results, and remarks on 
the construction of rain charts in the United States, with deduc- 
tions as to annual fluctuations, and secular changes in the rain- 
fall. The work is illustrated by a large number of diagrams in 
the text, and in plates 1 to v; and also by three charts, showing 
with much detail the geographical distribution, over the United 
States, of rain (and melted snow), severally for the whole year, the 
summer season, and the winter. 

4. Results of a Series of Meteorological Observations made 
under instructions from the Regents of the University at sundry 
stations, in the State of New York. Second Series, from 1850 to 
1863, inclusive; with records of rainfalls and other phenomena, to 
1871, inclusive. Prepared from the original returns by Franxun 
B. Hoveu. 406 pp., 4to. Albany: Published by Legislative 
Authority.—For this extensive and valuable contribution to 
American Meteorology, science is indebted to the liberality of the 
State of New York, and the judgment and care of Mr. F. B. 
Hough. Besides tables of ordinary meteorological observations, 
it contains a long list of displays of the aurora borealis, with some 
observations on meteors and shooting stars. 

5. On the Dardanelles and Bosphorus Under-current; by Wm. 
B. Carpenter.—It will be in the recollection of such of your 
readers as have followed the discussion on Ocean Currents, that I 
ventured nearly two years ago* to predict the existence of an 
under-current of dense Augean water into the Black Sea, “on the 
double ground of @ priori and @ posteriori necessity ;”—that is, I 
affirmed it to be a necessary result of the excess of specific gravity 
in the water of the Augean above that of the Euxine; whilst, I 
argued, if the salt continually passing out of the Black Sea by the 
surface-current were not thus replaced, the continual excessive 
influx of river water would, in time, wash the whole of the salt 
out of its basin. 

Having understood that the Shearwater, on the completion of 
the survey of the Gulf of Suez, would proceed to the Dardanelles, 
I requested the Hydrographer to.direct that the question of the 
under-current should be thoroughly examined; and he issued 
instructions accordingly. 

I yesterday learned through the Levant Herald :—(1) that the 
existence of a strong under-current has been placed beyond all 
question, a boat having been carried along by the “ current-drag” 
suspended from it, in opposition to the surface-current: (2) that 

* Proceedings of Royal Society, Dec. 8, 1870. 
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the rate of this under-current is estimated as greater than the 
speed of the Shearwater’s steam-launch; and (3) that it runs at a 
depth of twenty fathoms,—precisely that at which my interpreta- 
tion of Captain Spratt’s experiments has led me to predicate its 
existence. 

I venture to think that this verification of my prediction will be 
regarded as a confirmation of the general physical theory of 
under-currents on which it was based; and it is now for those 
who oppose that theory to show by what other force than the dif- 
ference in the weight of the Aigean and the Black Sea columns, 
consequent upon their great difference in specific gravity, the 
Dardanelles under-current can be sustained.— Nature, Oct. 24. 

6. International Scientific Series.—Under this title the Messrs. 
Appleton have announced the titles of some thirty works, by both 
American and European authors, upon a great variety of subjects, 
Physical, Chemical, Biological, Physiological, Zoological, Geolo- 
gical, ete. Among the authors are Wurtz, Sainte Claire De- 
ville, Quetelet, Quatrefages and Berthelot from France and 
Belgium; Vichrow, of Berlin; Balfour Stewart, Bastian, Spencer, 
Odling, Lockyer, Ramsay, Sir John Lubbock, Carpenter and Hux- 
ley, in Great Britain; Dana, Whitney, (W. D.), Austin, Flint, Jr., 
and Johnson (S. W.), in America. The rights of the authors are 
protected and publication is insured in both England, France, 
Germany and the United States, by publishing houses of the 
highest respectability. It is the plan of this International Series 
to provide, from the best authors in all departments of science, 
essays or treatises which shall bring the topics which they treat to 
the level of all educated and intelligent people, thus rendering 
science popular in the only sense in which it is proper to use that 
term. It is a hopeful sign of the times that all the leading minds 
who have been invited to unite in this undertaking, have cor- 
dially agreed to co-operate in promoting its objects. 

The first of this series is an essay by Prof. John Tyndall, en- 
titled: Zhe Forms of Water, in Clouds and Rivers, Ice and 
Glaciers. pp. 192, 12mo, 1872. The charm of Prof. Tyndall’s 
style is its simplicity and directness, the ease with which he makes 
plain even abstruse propositions, and thus leads the reader on 
to the comprehension of topics far removed from ordinary ap- 
prehension. In the present work the author borrows his illustra- 
tions, of course, almost exclusively from his familiar walks in the 
Swiss Alps, leading the reader from clouds, rains and rivers, 
and the sun as their cause, to the architecture of ice, the genesis of 
glaciers, with all the questions of their motion, moraines, cre- 
vasses, molecular mechanism, dirt bands, erratic blocks, ancient 
glaciers, glacial theories, vegetation, cleavage, lamination, etc. The 
only regret of the reader is that the story isso soon told. Bs. 


OBITUARY. 

Mrs. Mary SomeERvILie, distinguished for her attainments in 
Mathematics and works in that department, as well as in Physical 
Geography, and some other branches of Science, died on the Ist of 
December, She was born probably as early as the year 1780. 
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Reverend Apam Sepewick, Woodwardian Professor of Geology 
in the University of Cambridge, one of the oldest of English geol- 
ogist, and best of men, died on the 28th of January, aged 86 years. 
He was born at Dent in Y orkshire, June, 1784, and graduated at 
Trinity College, Cambridge, in 1808. The labors of no English 
geologist have made a more profound impression on geological 
science. 

James Henry Corrin, Professor of Mathematics and Astron- 
omy in Lafayette College, Easton, Pa., Feb. 6, 1873. Prof. Coftin 

was born Sept. 6, 1806 in Northampton, Mass, yas educated 
by Rev. Moses Hallock, of that State, and graduated at Amherst, 
in 1888. His life has been spent in teaching. While professor in 
Williams College, from 1838 till 1843, he advised and directed 
the building of Greylock Observ atory, on Saddle Mountain, the 
first combined self: ‘registering anemometer and barometer being 
there placed by him, an improved duplicate of which he recently 
sent to the Brazilian Government. Since 1846 he has been con- 
nected with Lafayette College. Shortly before his death he com- 
pleted a revised and enlarged edition of the “ Winds of the North- 
ern Hemisphere,” published by the Smithsonian Institute in 1851. 
The most noteworthy of his other publications are “Solar and 
Lunar Eclipses,” “A Discussion of a Meteoric Fire-ball,” &e. 

MartuEw F, Maury, formerly commander in the United States 
navy, died at Lexington, Va., on the Ist of February. Professor 
Maury won widely extended fame for his investigations in regard 
to winds and ocean currents, and for varied astronomical and at- 
mospherical observations, the results of which, as embodied in 
his numerous volumes , have been of great value to commerce. In 
1844 he became superintendent of the depot of charts and instru- 
ments, at Washington, out of which have grown the Naval obser- 
servatory and the hydrographic office of the United States. At 
the time of his death he was Professor of Physics in the Virginia 
Military Institution. 

Prof. Macquorn Rankine, Professor of Civil Engineering and 
Mechanics in the University of Glasgow, died at his residence in 
that city, Christmas eve, 1872 in the fifty-third year of his age. 


Annual Report of the Survey of the Northern and Northwestern Lakes, by 
C. B. Comstock, Major of Engineers, being Appendix Z of the Annual Report of 
the Chief of Engineers. pp. 81, 8vo. 

Contribuzioni Mineralogiche per servire alla Storia dell’ Incendio Vesuviano del 
mese di Aprile, 1872; per Arcangelo Scacchi. 36 pp., 4to, Napoli, 1872. 

Sulla Origine della cenere Vulcanica; nota del A. Scacchi. 10 pp., 4to, 1872. 

Notizie preliminari di aleune specie ’mineralogiche rinvenute nel Vesuvio dopo 
Yincendio di Aprile, 1872; nota del A. Scacchi. 4to., 

Die kintslich dargestellten Mineralien. nach G. Rose’s krystallo-chemischen 
Mineralsysteme geordnet; von Dr. C. W. Fuchs, Professor in Heidelberg. 
Kine von der Hollandischen Gesellschaft der Wissenchaften in Haarlem, an Mai, 
1871, gekronte Preisschrift. pp. 174, 4to. Haarlem: 1872. 


| 
| 
| 
| 
i 


APPENDIX. 


Discovery of another new Planet; by Dr. C. H. F. Prrers, 
(From a letter dated, Litchfield Observatory, Clinton, N. Y., 
Feb. 19, 1873.) 


ANoTHER planet, the 130th of the group of asteroids, was found 
here night before last, and its place determined as follows: 


hm s hm ~s 
18738. Feb. 17. 12337m.t. a=1001630 S=-+13 80 815 


It shines as a star of the 11th magnitude. From the several com- 
parisons I derive its motion in 24 hours to be: Aa= —45* and 
Ad =-+9' 11”. 
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